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IMPORTANT NOTICE 


Texas Instruments (TI) reserves the right to make changes to or to 
discontinue any semiconductor product or service identified in this 
publication without notice. Tl advises its customers to obtain the latest 
version of the relevant information to verify, before placing orders, 
that the information being relied upon is current. 


Tl warrants performance of its semiconductor products to current 
specifications in accordance with Tl’s standard warranty. Testing and 
other quality control techniques are utilized to the extent Tl deems 
necessary to support this warranty. Unless mandated by government 
requirements, specific testing of all parameters of each device is not 
necessarily performed. 


Tl assumes no liability for Tl applications assistance, customer product 
design, software performance, or infringement of patents or services 
described herein. Nor does Tl warrant or represent that any license, 
either express or implied, is granted under any patent right, copyright, 
mask work right, or other intellectual property right of Tl covering or 
relating to any combination, machine, or process in which such 
semiconductor products or services might be or are used. 


Information contained in this data manual supersedes all data for this 
technology published by TI in the United States of America before 
January 1989. 


Copyright © 1990, Texas Instruments Incorporated 


INTRODUCTION 


Texas Instruments offers an extensive line of operational amplifiers designed for applications that sense, 
amplify, and/or condition analog signals. The technologies represented by these op amps include traditional 
bipolar, BIFET, LinCMOS™, Advanced LinCMOS™, and the new Excalibur processes. 


This data manual contains: 


e a macromodel alphanumeric index, 

® an operational-amplifier-to-macromodel cross-reference guide, 

® an operational amplifier selection guide with page number reference to the appropriate macromodel, 

® an operational amplifier cross-reference guide to competitive devices with a page number reference 
to the appropriate macromodel, 

e a glossary of operational amplifier terms, 

e a technical discussion of the macromodel concept and the major advantages and limitations of 
macromodels, 

¢ a listing of sources for more information, 

® a set of macromodel information sheets, 

e and a floppy disk that contains all of the modeling parameters presented in the macromodel 
information sheets in an easy-to-use format. 


The Spice macromodels contained in this manual represent our current line of operational amplifiers with 
the exception of the LM2900, the LM3900 (high-gain frequency-compensated Norton amplifiers), and the 
uA709 (a bipolar device with two frequency-compensation inputs), which cannot be modeled with PSpice® 
Parts™. \t is important to note that PSpice® Parts™ is also incapable of modeling input offset voltage and 
temperature range variations. Due to these limitations, different input offset and temperature range versions 
of the same device are represented by the base device macromodel. 


This data manual offers modeling information on TI's Linear operational amplifier products. The resultant 
simulation may vary up to 20% from the data sheet typical specifications. It is therefore recommended 
that actual device performance specifications be consulted before a final design or purchase decision is 
made. Complete technical data for all Linear operational amplifiers is contained in Texas Instruments 1989 
Linear Circuits Data Book, Volume 7 (Literature Number SLYDOO3), with the exception of the following 
devices, for which the individual device data sheets must be consulted: 


Device Part Number Data Sheet Literature Number 
LEIOts SLOSO40 
LTC1052 SLO3018 
LTC7652 SLO3018 
TLE2021 SLOSO24A 
TEEZO22 SLOSO27 
TLE2024 SLOSO28 
TLE2061 SLOSO045 
TLE2062 SLOS044 
TLE2064 SLOSO48 
TLE2161 SLOSO49 


While this data manual offers design and specification data for Linear operational amplifiers only, complete 
technical data for any Tl semiconductor product is available from your nearest TI Field Sales Office, local 
authorized TI Distributor, or by writing directly to: 


Texas Instruments Incorporated 
LITERATURE RESPONSE CENTER 
P.O. Box 809066 

Dallas, TX 75380-9066 


We sincerely feel that the new 1990 Operational Amplifiers Macromodel Data Manual will be a significant 
addition to your library of technical literature from Texas Instruments. 


LinCMOS and Advanced LinCMOS are trademarks of Texas Instruments Incorporated. 
PSpice is a registered trademark of MicroSim Corporation. 
Parts is a trademark of MicroSim Corporation. 
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Ti woe. TLE ZOOS as 6 ce ee we a rw 3-98 TLEZOGGE . TLEZ0G4 cs cae eas eek Cas 3-104 
Bg 8 oe ale Rs le 3 | ce 3-99 TLE2161 eee LAT al es Pech eae Oe ae 3-105 
Pee tA Dee ane nce eb ee we ea 3-99 FRESZTS th. TREZIGT ac ea ccks cs cee 3-105 
TLEZOS 1B  PEEZO2 TV ina wh wee Oe ee ws 3-99 © ie Oe ee Oe i Sac SR ee eee 3-105 
lee te ee OP ih ee es se at ok ew mw 3-100 uA709 N/A 
ieee = PRE ZOSS. « &s oe ce eR aR oe 3-100 uA741 ee Ge. Sk be 5 Oe eee 3-106 
oe a eS a 1 Sd 6 rrr 3-100 uA747 ie Peo Rew Ct Re ee eee 3-107 
Ties? PLE OPS. (crac wek cw we FSR 3-101 uA748 1 PS | oeet Ge via ka ie a 3-108 
ge I ef eo 0 ed 0”: 3-101 
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OPERATIONAL AMPLIFIERS 
SELECTION GUIDE 


noncompensated, single 


military temperature range (Values specified for TA =25°C) 


DESCRIPTION 


High Performance, Bipolar FK,JG,U,W |3-9 


High Performance, Low Bias Current, 
Bipolar 


BIFET, Low Power 


High Performance, Low Bias Current, L 
Bipolar 
. . 
| 


J,JG,U,W 


General Purpose, Bipolar 


General Purpose, Bipolar 


industrial temperature range (Values specified for Ta = 25°C) 


DESCRIPTION 
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| 
3-57 


noncompensated, single 


commercial temperature range (Values specified for TA = 25°C) 


Vio lip | Avo | By SR 
DESCRIPTION (mV) | (nA) |(V/mV) |(MHz) | (V/zs) TYPE PACKAGES 
MAX |MAX | MIN | TYP | TYP 


SUPPLY 
VOLTAGE 


Com 
3 

i@f76 [2 | 25 [1 [os | macs | oduGP [313 | 
<2 [atefos | 2 | 60 [1 | 03 | ims0ea | duGP [313 
za5fzte] 6 }o2| 4 [1 | 35 | Tosoac | pwGr [347 
<35[2te] 3 o2] 4 [1 [35 | TLoscac | pwGP [347 
[BIFET. Low Power —=S=~=“~*é“‘*~*d SP TP ts fos | 3 [1 [as | mosoc | pwar [347 
23.5]218] 6 [o2| 50 | 3 | 13 | To7oac | pwGp [382 
13.5 
<3a5;ate] 6 }o2]s0 | 3 | 13 | Toscac | duce [367 
[BIFET, General Purpose —SSS~«*di SS : 
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OPERATIONAL AMPLIFERS 
SELECTION GUIDE 


internally compensated, single 


military temperature range (Values specified for TA = 25°C) 
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ae ig Vio | 'B | Avp | B1 | SR 
VOLTAGE 
DESCRIPTION a (mV) | (nA) | (V/mV)} (MHz) (V/us)} TYPE | PACKAGES 
| MIN | MAX | MAX | MAX] MIN | TYP | TYP 
[High Performance ——=S=S=~*~=“‘*‘“dtCS CDOT 2 | 7H | 8 | 
=22| 0.06 | 4 | 400 
=22 [0.028] 38 | 7000 LT1007AM 
=2.5| +22 [0.060] 68 | 6000] 
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Low Noise, High Speed, 
Noncompensated, Ay, = 5 
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28 | op-27a | JGL 3. 
op27¢_[ vGu__ [3 


mee = 
17 | oP-37¢ JG.L  |& 
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Low Noise, High Speed 
Noncompensated, Ay, = 5 
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Low Noise, High Speed, 
Noncompensated, Ay, = 5 
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zo [| 220 goo] so | 10 | 13 | sessse | rKuG [3-28 
222 
[BIFET, Low Power, Precision —~—+[23.8[ 218] 0@ [02] 5 | 11} 29] TLOsiAM | FKJGL [3-40 | 
23.5] 218 o2[ 5 [11] 29] TLosim | FKJGL [3-40 | 
zie 08 [02] 50 [31] 20 | TLosiAM | FKGL [344 | 
ete[ 15 [02] 50 [31] 20 | TLosim | FKJGL [aaa | 
eta] 218 TLO66M 
[BIFET. Low Noise ——SCS~*~*~r S|] aT 
TLOB1M 
TLOBeM 
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neces 400 2.7 | TLC2201AM] D,FK,JG,L,P | 3-96 
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OPERATIONAL AMPLIFIERS 
SELECTION GUIDE 


internally compensated, single 


military temperature range (Values specified for TA = 25°C) 


SUPPLY % : a se 
VOLTAGE 1 VD 
DESCRIPTION (mV) | (nA) | (V/mvV)| (MHz) | (V/zs) TYPE PACKAGES 
| MIN | MAX | MAX | MAX] MIN TYP 
LinCMOS, Low Noise, Precision, 100% Typ 
A. 0.2 400 | 1. 2.7 | TLC2201BM | D,FK,JG,L,P | 3-96 
Noise Tested 0.001 
T 
LinCMOS, Low Noise, Precision O i 400 1. TLC2201M | D,FK,JG,L,P 
T D,FK,J,JG, 
3.8 16 |0.001|. | 5600 | 1. 2.8 |TLC2652AM -97 
0.004 L,N,P 
T DEK, JG; 
LinCMOS, Precision Chopper Stabilized 3.8 | 16 |0.003|_ | 1000] 1. 2.8 | TLC2652M 3-97 
0.004 L,N,P 
| ; 


i<e) 


Oo 
—_ 
fe>) 


ice) 


LinCMOS, Precision, Chopper Stablilized 


i<e) 


© 


_ 
fo) 
ro) 
fo) 
fo) 


= 3 
LinCMOS, Low Noise, Precision, Typ D,FK,J,JG, 
i 16 | 0.01 5600 | 1.9 2 |TLC2654AM 3-98 

Chopper Stabilized 0.05 L,N,P 

LinCMOS, Low Noise, Precision, T D,FK,J,JG, 

” 5B ai ae aaa 02 | P| 1000] 2.2 | 2 | TLC2654m 3-98 
Chopper Stabilized 0.05 L,N,P 

Excalibur, High-Speed, Precision 0.5 1000 | 2 | 0.9 | TLE2021M |D,FK,JG,L,P 
GA7AIM | FKJJGU [3-108 
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OPERATIONAL AMPLIFERS 
SELECTION GUIDE 


internally compensated, single 


automotive temperature range (Values specified for TA = 25°C) 


SUPPLY 
vottace | Vio | |B By | 38 
DESCRIPTION oe (mV) | (nA) (MHz) | (V/us)} TYPE PACKAGES 
| MAX | MAX | MAX| MIN | TYP | TYP 
2 [207 


WI] Ww 
— 
££} Oo 


1 


LinCMOS, Programmable, Medium Bias TLC271Al D,JG,P 3 


LinCMOS, Programmable, High Bias 


18 
18 


£ 
fe») 


TLC271Al D,JG,P 3 


3 


8 
e 
8 


io) 


) 


4} TLC271BI D,JG,P 3 


TLC271BI D,JG,P 3 
6 TLC271BI D,JG,P 


: 0.04 TLC2711 D,JG,P 3 


il 
—_ 


| MIN | 8 
D,J,JG, 
ae ee 
[High Performance | #8 | +201 4 | 250] 50 | 15 | 70 | Lm218_ | DdJGP [31 
+1.9| +8 |0.005| 0.03] 1000] 1.2 | 4 | LTC1052C | JJG.LNP [3-25 _| 
G) +19] +8 |0.005|0.03| 1000] 1.2 | 4 | itc7es2c | L {33 | 
@ =| Low Noise, High Speed = + 3.5 +22] 0.025] 40 | 1000] 8 | 28 | OP27E | JGLP [3-33 
rs #35] +22| 01 | 80 | 700 | 8 | 28] oP27G | JGLP [3-34 
S| Nencopenet, Sy > vod nol KW ROD E a ae 
© _| BIEET. Low Power, Precision [+3.5| +18] 0.8 | 0.2 J 1.1 | 2.9 | TLO3IAl | DJG.LP_ |3-40 
= | BIFET, Low Power, Precision | #3.5| +18] 1.5 | 0.2 | 1.1 | 29{ Tosi | DJGLP_ |3-40 
3 = [BiFeT, Precision Sd 3.5] 418] 0.8 | 0.2 | | 3.1 | 20 | TLosiAl | DJGLP_ |3-44 
O | BIFET, Precision dt #3.5] 218] 1.5 | 0.2 | 1{ 20 | TLo5i1 | DJG,L,P [3-44 
es +35] +18| 6 | 0.2 | 3-48 
S [BIFET, Adjustable, Low Power e1.2[ 218[ 6 [| 0.2 | 5 | Tlosél_ | DdJGP {3-51 
> [BIFET lowNoise «dt 6 ete [6 | 0.2 | | T0711 | 0JG.P 13-53 
#35] +18| 6 | 0.2 | Tost! | OJGP_ {3-58 
#3.5| +18] 0.5 | 0.2 | 
|BIFET, Low Offset Voltage | 3.5] +18 3 | Tlossi_| DJGP_ [3-64 
a Oe ad a 


£ 


o) ro) w 
_ i wt’ |) | J 
1) W | 1 lon 


LinCMOS, Programmable, High Bias 
LinCMOS, Programmable, Low Bias 
LinCMOS, Programmable, Medium Bias 


7 
LinCMOS, Programmable, High Bias 18 10 = 
0.007 
: ae Typ 
LinCMOS, Low Noise Precision 4.6 16 O. 
0.001 


Typ 
oo 0.007 


Ww 
~ 
<e) 


LinCMOS, Programmable, Low Bias 
LinCMOS, Programmable, Medium Bias 


io) 2) (2) (2) 
NO N Ww 
<li ont = W1W iW iW 


jee) 
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(2) 
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6 TLC27 11 D,JG,P 3-81 


2.2 6 TLC2711 D,JG,P 3-79 
2.7 | TLC2201AI D,JG,L,.P- 13-9 


a 
(o) 
Be 
oO-< . 
Ons 
~w 
No => No —- NO 


_ —_ _ —_ 
10.0) 10.0) © 10.0) 


NO 
£ 
.e) 
io) 


1-12 TEXAS 4 
INSTRUMENTS 


POST OFFICE BOX 655303 e DALLAS, TEXAS 75265 


OPERATIONAL AMPLIFIERS 
SELECTION GUIDE 


internally compensated, single 


automotive temperature range (Values specified for TA = 25°C) 


SUPPLY 
voitace | VIO | lB | Avp | Bi | SR 
DESCRIPTION ae (mV) | (nA) |(V/mV)] (MHz) | (V/us)| TYPE PACKAGES 
| MIN | MAX | MAX | MAX] MIN | TYP | TYP 
2 : 
Eee eee Noree repre Ia 461° 16 | 0.2 400 | 1.9 | 2.7 | TLC2201BI | D,JG,L,P | 3-96 
Noise Tested 0.001 
5 400 TLC22011 | D,JG,L,P 
| 16 | 0.003 2.8 | TLC26521 D.JJGLNP| 3-97 | 
SBN LOVE MRED. EVASION, 0.01 TLC2654Al | D,J,JG,L,N,P| 3-98 
Chopper Stabilized ; 


ara eis PRECIROD, 4.6] 16 | 0.02 1000] 1.9 | 2 | TLC26541 D,dJG.LN.P] 3-98 | 


Chopper Stabilized 
Excalibur, High-Speed, Precision 5 | 25 | 1000] 2 | 0.9 | TLE2021 |D,FK,JG,L,P| 3-99 
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OPERATIONAL AMPLIFERS 
SELECTION GUIDE 


internally compensated, single 


industrial temperature range (Values specified for TA = 25°C) 


VOLTAGE IG, i SE ae ee tee 
DESCRIPTION ee (mV) | (nA) |(V/mV)| (MHz) | (V/us)| = TYPE PACKAGES 
| MIN | MAX | MAX | MAX | MIN | TYP | TYP 

Chopper-Stabilized /+1.9] +8 |0.005| 0.03 | 1000 LTC1052C | J,JG,L,N,P 

Chopper-Stabilized +1.9] +8 |0.005| 0.03 | 1000 LTC7652C 3-3 

Low Noise, High Speed +3.5 0.025{ 40 | 1000} 8 | 2.8] OP-27E JG,L,P 

Low Noise, High Speed +3.5 [422] 0.1. | 60-] 700 | 8 | 26] oPe7G JG,L,P 

Low Noise, High Speed, Bipolar, ; 
G) Npncumnmenered Aun SS +4 | +22]0.025| 40 | 1000] 40 | 17 OP-37E JG,L,P | 3-35 
5 Low Noise, High Speed, Bipolar, aie 4929 pot | 80 700 ) 40 | 17 P.37G JG.LP 3-35 
4) Noncompensated, Ay, = 5 
oO BIFET, Low Power, Precision £9.5\--£16 [0.8 | O21 & 1° 1.1 [oe |. ThestAl D,JG,L,P [3-40 
— BIFET, Low Power, Precision +3.5 TLO311 D,JG,L,P 
= BIFET, Precision +$,5). #18] 08 10.2 | 60-) 3:1 |i 20 4 TLOStAl 1} Dua 
= BIFET, Precision $3.6) 248126 7 62.) 80-1 3.1 |e 26. |. Tub” boar 
° BIFET, Low Power ee) ee D,JG,P 
a BIFET, Adjustable, Low-Power Stee | 8 | OF 4) + | 3.5 -h 066 D,JG,P 
D BIFET, Low Noise en SAG 8. Oe) 60.) 8 te. een D,JG,P 
mh BIFET, General Purpose £25] 218) 6 --|- O00 BO. 2h 30 FEO D,JG,P 
ro BIFET, Low Offset Voltage +3.5| +18 ].0.5 | 0:21.50 | 3 -]..13 | TLOS7I D,JG,P 
= BIFET, Low Offset Voltage $3.5) 4181. 7 |.02.1-80 | 3 1.934] “TEOesI D,JG,P 

Single LM324, 

High Performance D/S ties) se heet isd #68 

LinCMOS, Programmable, Low Bias 0.11 | 0.04] TLC271AlI D,JG,P 3-80 

LinCMOS, Programmable, Medium Bias 0.64 | 0.56| TLC271Al DJG,P 3-81 


— 


LinCMOS, Programmable, High Bias 
LinCMOS, Programmable, Low Bias 


LinCMOS, Programmable, Medium Bias D,JG,;P 3-81 


D,JG,P 3-80 
} 25 | 0.64 0.56] TLC271BI 


ee) 


LinCMOS, Programmable, High Bias D,JG,P 3-79 


LinCMOS, Programmable, Low Bias D,JG,P 3-80 
LinCMOS, Programmable, Medium Bias IGP 3-81 
LinCMOS, Programmable, High Bias D,JG,P 3-79 


3-96 


LinCMOS, Precision, Low Noise D,JG,L,P 


LinCMOS, Precision, Low Noise, 100% 
Noise Tested 


—y 


hi — — —_ = aa al —_h i — 
oe ime) (o>) (o>) (o>) 10.0) ioe) ee) © (0.0) © 


D,JG,L,P | 3-96 


= 
fo?) 


LinCMOS, Precision, Low Noise D,JG,L,P 3-96 


£ & = 


D,J,JG,L,N,P | 3-97 


D,J,JG, 
we 
D,J,JG, 
L,N,P 
D,J,JG, 
L,N,P 
D,FKJG,L,P 


LinCMOS, Precision, Chopper Stabilized 3.8 16 |0.003 3-97 


LinCMOS, Low-Noise, Precision, 
Chopper Stabilized 
LinCMOS, Low-Noise, Precision, 
Chopper Stabilized 
Excalibur, High-Speed, Precision 


3-98 


3-99 


Typ 

0.007 

Typ 

0.007 , 

TYP | 49 | 2.2 | 4.6 | TLC271AI pJGP {S79 
0.007 aon 

Typ 

0.007 

Typ 

0.007 


+ 
0.001 
T 
0.001 
T 
0.001 

LinCMOS, Precision, Chopper Stabililzed 3.8 16 |0.001 Tye 
0.004 
Typ 
0.004 
Typ 
0.05 
Typ 
0.05 
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OPERATIONAL AMPLIFIERS 
SELECTION GUIDE 


internally compensated, single 


commercial temperature range (Values specified for TA = 25°C) 


Set: y A B SR 
VOLTAGE 10 | "IB VD 1 
DESCRIPTION ay (mV) | (nA) |(V/mV)] (MHz) } (V/us)| TYPE 
MAX | MAX] MIN 


High Performance 


I+ 
WO 
o1 


H+ 


H- 


D,JG.P 3- 


0.25 | LT1001AC JG,L,P 3- 
0.25} LT1001C 


2.5 ’ LT1007AC 


I+ 
oO; 01] O1 


H | He 


Ju Paes Re lag 
BL NM]NM 
oy; or] o1 


Low Noise, High Performance 


+ 
£ 
ol 


+ 
No 
ol 


| 
2 
~~ 
4°) 
= 
Pex 
© 
tafe 
£ 
49) 
thea 
® 
® 
1) 


2.5 


H- 


Low Noise, High Speed 


Ultra-Low Offset Voltage 


H+ | + 


ap 


H+ | it | + 
w | | 


Low Noise, High Speed, 
Noncompensated, Ayi = 5 
, = 5 
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OPERATIONAL AMPLIFERS 
SELECTION GUIDE 


internally compensated, single 


commercial temperature range (Values specified for TA = 25°C) 


“a 
VOLTAGE 
DESCRIPTION a (mV) | (nA) | (V/mV)] (MHz) | (V/us)| TYPE 
| MIN | MAX | MAX | MAX| MIN | TYP | TYP 
SW | BET, Low Power, Precision ——-f+a.s| sia] 08 | 02] 5 [11] 2.9] Tl0siAC |DFKIGLP 
[BIFET, Low Power, Precision +f +a.s| zte[ 15 [02] 5 [11] 29] TLosIC |DFKJGLP 
[BIFET, Precision st #3.5] 418] 0.8 | 0.2 | 50 | 3.1 | 20 | TLOSIAC | D,FKJG.LP 
m 23.5[ 218] 15 | 02] 50 | 31] 20] Tlosic [OFKJGLP [saa 
© sta] 6 [oz] 4 | 1 | 35] Tl0s1Ac | DwGP 
= zie] 3 [02] 4 | 1 | 35] mosiec | DJGP 
= zie] 18 [oz] a [1] 35] Those | WGP 
=. zie 6 [o2] 4 | 1 | 38] Toseac | DJGP 
= zie] 3 fo2, 4 [1] 38] Tosssc | DJGP 
= re] 18 [04] 3 | 1 | 36] Tossc | DAGP 
9 ria] _6 [02] so | 3 | 13 | To71ac | DAGP 
3 =18| 3 [02] so | 3 | 13] Tlo71ec | DNGP 
& [BIFET, Low Noise ———S~S~S 2B] tw] 10 | 02] 25 | 3 | 13] Tome | DuGP 
st. 23.6| +18] 6 | 02] 80 | 3 | 13 | Thosiac | DJGP 
© —[Biret, General Purpose ———~=S~=«dt sf ze] 2 | 02] so | a | 13] mioetec | DwGP 
[BIFET, General Purpose ~*~ 3.5] te] 15 | 04] 25 | 3 | 13] Tuoerc | buwGP 
fBIFET, LowVio——SsSs~<C~S~s BN] TB] O'S | 0.2] 8” DJGLP 
rBIFET, LowVjg. —SSSC*d SB] tw] 7 [oe | 60 | TL088¢_|_OJGLP 


0.3 TL321C 


: 
08 es 
Pat 0.04 | TLC251AC 


D,JG,P 
D,JG,P 
D,JG,P 
D,JG,P 
DJG, 
D,JG,P 
D,JG,P 
D,JG,P 3-72 

D,JG,P 
0,6, 


D,JG,P 


D,JG,P 3-79 


Single LM324, High S/S 

Padoiianc D/S 

LinCMOS, Programmable, Low Bias pe] | 5 

LinCMOS, Programmable, Medium Bias pie] we | 6 

LinCMOS, Programmable, High Bias 1.4 Typ 
0.001 

: Typ 

LinCMOS, Programmable, Low Bias 1.4 zZ 0.001 30 0.1 
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OPERATIONAL AMPLIFIERS 
SELECTION GUIDE 


internally compensated, single 


commercial temperature range (Values specified for TA = 25°C 


supply | | we : e 
VOLTAGE io) Be | es 
DESCRIPTION ay (mv) | (nA) | (V/mV)| (MHz) | (V/ius)} TYPE | PACKAGES 
| MIN | MAX | MAX | MAX| MIN | TYP | TYP 
T 
LinCMOS, Programmable, Low Bias Pgs ae leas | rc ve 0 [0.11 | 0.08 TLc271BC | D,JG,P |3-80 
T 
LinCMOS, Programmable, Medium Bias file tele eel ae 0.64 0.56 | TLC271BC | DJG.P |3-81 


LinCMOS, Programmable, High Bias po [tel | 0.007 ein 4.6 | TLC271BC D,JG,P 3-79 
LinCMOS, Programmable, Low Bias 0.11 | 0.04) TLC271C DJG 3-80 


p10 25 [ose | 0.56, tica71¢. | Duce |3-81 
LinCMOS, Programmable, High Bias pa | 18 | 10 | 2.2 4.6 TLO2Z71C D,JG,P 3-79 
tT 

LinCMOS, Precision, Low Noise 46] 16 | o2 |,1% 400 | 1.9 | 2.7 | TLC2201AC| D,JG.L,P |3-96 
LinCMOS, P L N 100% 
se OS, Precision, Low Noise o 46 0.2 
Noise Tested 
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LinCMOS, Precision, Chopper Stabilized 1 0.003 0.004 1000 | 1. 2.8 | TLC2652C | D,J,JG,L,N,P] 3-9 
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OPERATIONAL AMPLIFERS 
SELECTION GUIDE 


internally compensated, dual 


military temperature range 


DESCRIPTION 


S/S 
High Gain, Low Power, Bipolar 
D/S 


General Purpose 
Precision 
Precision 


High Performance 


Low Power 


BIFET, Low Power, Precision 


BIFET, Low Power, Precision 
BIFET, Precision 

BIFET, Precision 

BIFET, Low Power 

BIFET, Low Noise 

BIFET, General Purpose 
BIFET, General Purpose 
BIFET, General Purpose 
BIFET, General Purpose 


LinCMOS, High Bias 


LinCMOS, High Bias 


LinCMOS, Low Bias 


LinCMOS, Low Bias 


LinCMOS, Medium Bias 


LinCMOS, Medium Bias 


LinCMOS, Micro Power, Precision 


Excalibur, High Speed, Precision 


oe 


SUPPLY | |) | P a 
VOLTAGE lO |; 1B VD 1 
(Vv) (mV) | (nA) | (V/mV)} (MHz) 
MAX | MAX | MAX| MIN | TYP 
5 


500 
20 
£22 
£22 3.5 
=2[=22[ 6 [tool 1 [05 
=35{ s1a[ 08 [o2[ 6 [11 
=3.5| +18 
z1e[ 08 |o2| 60 | 3 | 
218 
eee | oe eat 
z18[ 6 | 02 
23.5| 218 
z35{ staf 6 [o2[ 2 | 3_ 
235{ staf 3 [oa] so | 3 | 
f=a58[ z18[ 3 [oa|[ so | 3_ 

0.005 

0.005 

0.005 

0.005 

Typ 

Typ 
[= [ie [oe fey o [on 

0.007 
Pa [40 [08 | 26 | 1000 


(Values specified for TA = 25°C) 

SR 

(V/us) TYPE PACKAGES 

TYP 
es 
LT1013AM 
337 
Fos | tuozm | uv _|3.39 
41 
[16 | tlosam | FKG.L [3-45 _ 
3-49 
TLO72M 
TL287M | JGU  |3-66 
3-67 


exter] vce 
ce aoman| rcs 
ice 


0.5 | TLC1078M FK,JG 3-94 


| 0.9 | TLE2022M | FK,JG,L_ |3-100 


(ee) 
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OPERATIONAL AMPLIFIERS 
SELECTION GUIDE 


internally compensated, dual 


automotive temperature range (Values specified for Ta = 25°C) 


SUPPLY | | ‘ ; a 
VOLTAGE A iad le ee, 
DESCRIPTION (mv) | (nA) | (V/mvV)] (MHz) } (V/s) 
max | MAx| miIN | TYP | TYP 
5 


TYPE PACKAGES 


Sst: 8]. 20 | 
High Gain, Low Power, Bipolar ps| 215! 21.5 cn -160] 50 | 06 | 0.2 LM258 D,JG,P;U. |3-17 

Sst. 3° +]: 30 | 
High Gain, Low Power, Bipolar 715) 215 | 3 | -20] 50 | 0. | 0.2 LM258A D,JG,P,U |3-17 = 

+1.5] + 5 

s/s| 3 | 26 | T — 
High Gain, Low Power, Bipolar a CT BE USO). pos 0.2} Lm2904 | DJGP,U {3-17 = 
High Performance +18] 6 |-500] 20 | 3 | 1.7 | RV4558 D,JG,P = 
BIFET, Low Power, Precision +18] 08 | 02] 5 | 1.1 | 2.9] TLO32AI | D,JGL,P |3-41 rs) 
BIFET, Low Power, Precision +18 1.1 TLO32I D,JG,L,P se 
BIFET, Precision z1e[ 08 [02] 60] 3 | 16] Tloszar | DuwGLe = 
BIFET, Precision +3.5| +18 0.2 TLOS2I D,JG,L,P | 3-45 ote 
BIFET, Low Power +3.5| +18] 6 | 02{ 4 | 1 | 3.5 | TLO62I D,JG,P = 
BIFET, Low Noise +3.5] +18] 6 | 0.2] 50 | 3 | 13 | TLO72I D,JG,P 
BIFET, General Purpose +3.5| +18{ 6 | 0.2 TLO82I D,JG,P o 
BIFET, General Purpose +18] 6 |:02] 50-|-3 | 13] TLosai D,JG,P o) 
BIFET, General Purpose +3.5] +18] 0.5 | 0.2] 50 | 3 | 13 | TL287I D,JG,P |3-66 
BIFET, General Purpose +3.5| +18 0.2 13 | TL288I D,JG,P  |3-67 
£15 D.JG.P 


|=500] 20 | 1 | 06 | T1322! 
yp 


7 
10 2.2 5.3 | TLC272Al 
0.005 
oe) 


D,JG,P 3-82 


LinCMOS, High Bias 
LinCMOS, High Bias 5.3 TLO272ZB1 


ruca77 


0.05 | TLC27L2AI 


D,JG,P 3-82 


1 D,JG,P 3-82 


a I+ 
—_, 
= co 
i) 
(o) 
o a 
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oO 6 
oO 


LinCMOS, High Bias 
LinCMOS, High Bias 


D,JG,P 3-84 


a 
o 
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[e) 
Oo a 
< 
Ont 
oO 


D,JG,P 3-86 


LinCMOS, Micro Power, Precision 


Excalibur, High Speed, Precision 


8 
18 6.05 | TLG27L2Bi D,JG,P 3-86 
18 0.05} TLC27L2! 


Fos 0.05} TLC27L7I| 


D.JG,P |3-86 
D.JG,P |3-88 
T 
18 5 tia D.JG.P |3-90 
0.005 
T 
18 2 ¥P 
0.005 


= 
1 | os (1. 
0.005 
Typ 
0.11 | 0.05| TLC1078! DJG.P |3-94 
0.007 


100 | 2 [| 08] 


jo. | TLC27M2Al 


TLC27M2Bl 


} 0 | neca7ma 


D,JG,P 3-90 
D,JG,P 3-90 


TLC27M7\ D,JG,P 3-92 


L _ =_i on} 
ioe) co co 


O TLE20221 


D,JG,L,P 13-100 
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OPERATIONAL AMPLIFERS 
SELECTION GUIDE 


internally compensated, dual 


industrial temperature range (Values specified for Ta = 25°C 


Vio lip | Avp | Bi SR 
DESCRIPTION (mV) | (nA) | (V/mV)]} (MHz) | (V/s) TYPE 
MAX | MAX| MIN | TYP | TYP 


SUPPLY 
VOLTAGE 
(V) 


B] ae 
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W 
oO 
1+ 
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= oak = 
oO 
oO capa | 
< 
Os 
ol 


| Tloszal_| DWGLP [34 
£18 2.9 
16 | Tos2al | DwG.LP [3-45 
23.5) 218 3.5 3-49 

23.5) £18 | 3-54 

235) 218] 6 [0.2 
BIFET, General Purpose 
235) 218] 1 [02 


w 
fore he) 
<e) 


—_ 
jee) 


Poe [taza | pa. [3 


LinCMOS, High Bias 
LinCMOS, High Bias 


as 


; 5.3 | TLC272Al D,JG,P 3-82 


(e) 
Sa 
oe =! 
oO 
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uo) 


Bae a 
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Riess 
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\e) 
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a | 
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hoe | 
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ee 

| 50_| 
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| 50 

| 50 

Pe : 

Bc: = 
wl [a] | nem [ome 

oo 


© 
oO 
[o) 
on 


LinCMOS, High Bias 
LinCMOS, High Bias 


© 
° 
ro) 
o1 


2) 
jo) 
2) 
o1 


0.05, TLC27L2AI D,JG,P 3-86 
) 0.05 TLC27L2BI D,JG,P 3-86 
) 0.05 TLC27L2I D,JG,P 3-86 


LinCMOS, Low Bias 
LinCMOS, Low Bias 


oO 
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sd 
ve) 
re) 
o1 


So 
O° 
ro) 
on 


[ee cone] sr fe 
ee 
ow 


LinCMOS, Medium Bias 


LinCMOS, Micro Power, Precision 


Excalibur, High Speed, Precision 


TLC27M7I D,JG,P 3-92 


500 | 0.11 TLC10781 D,JG.P 3-94 


1000} 2 | 0.9 | TLE20221 | D,JG,L,P {3-100 
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| OPERATIONAL AMPLIFIERS 
SELECTION GUIDE 


internally compensated, dual 


J 
commercial temperature range (Values specified for TA = 25°C) 
SUPPLY ' P 
vorrage | | 1B) OND 
DESCRIPTION af (mV) | (nA) | (V/mV) rte ae TYPE 
Et MAX | MAX| MIN | TYP | TYP 
ss[ sta[-3_[oz[ 25 [3 [1a | irae | poeP [so 
<a Bat P= [oe] ox] wane [ounrs 
eS Spa ca eo a da 
£5 1200 | 0.7 LT1013C 
rPrecision ——~—S~S~S~S a | 222] 0.8 | 30 | 1200] 0.7 | 0.4 | TION’ | DIGLP [3-22 | 
[General Purpose #15] +18] 6 | S00] 20 | 1 | 05] Mci458 | DJGPU 13-26 _ 
+20] 4 | 800] 25 | 10] 9 | nessa | GP [328 | 
[Low Noise | 20] 4. [800] 26 | 10 | 9 | NESSSZA | UGP [3-26 | 
[High Performance | St | 18] 6 | S00] 20 | 3 | 1.7] RC4558 | DJGP [3-37 
[High Paromanes ae [ase [ 6 [aso [20 [4 [2 | ncessa [op I 3-38 
[Low Power —=SS~C*~=~‘*~*~*dC*d| Ce tw] 5 | 200] 1 [ 0.5 | 0.8 | TLo22c | Dwar [3-30 | 
LBIFET, Low Power, Precision 5-6} 2181 08 | Oz) 8 ti) 28 TLOSZaC | DWJGLP [3-41 
[BIFET, Low Power, Precision ‘23.6 +18] 15 [02] 8 [11] 29] Tios2c | DWGLP [oat 
|BIFET, Precision Ss sd #35] +18] 1.5 | 0.2 | 50 | 3 | 16 | TLOS2AC | DVGLP |3-45 
[seer Pecison asf ate [4 [oz [so [3 [16 | mosac PeJ6i.F |e 
BFETtow rower [saal-sie[e [oa] « [1 [as | nosese[ oor [oso 
TL062C 
fret. ow nose ssf ste [ 6 [oz [ao [3 [is | movant | ocr Jose 
SiEET, tow Noieg beh stat 8 kf so ft moran | Bole 164 | 
3. SR 
#3.5| +18] 3 | 02] 50 | 3 | 13 | TLos2eC 
+35] +18] 15 | 04] 25 | 3 | 13 | Tuos2c 
[BIFET, General Purpose ——~—~—~«dt= 3.5] te] 6 | 02] so | 3 | 13 | TLoBaac [DwGN [3-60 
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OPERATIONAL AMPLIFERS 
SELECTION GUIDE 


internally compensated, dual 


commercial temperature range (Values specified for Ta = 25°C) 


Vio lip | Avp | Bi SR 
DESCRIPTION (mV) | (nA) | (V/mV)] (MHz) | (V/us) TYPE 
MAX | MAX| MIN | TYP | TYP 


TLO83C 


SUPPLY 


vetoes PACKAGES 


D,JG,N 


o& 
re)) 


w 
ron) 
O}O 


+ 

i) 

on _ 
= 


£3.5 Re | 50 | 3 | 13 | TL287C_ | DJGP 
+3.5 s[ste{ 1 [oz {so [3 [13 TL288C_| DJG,P__|3-67 


Low Pout 


| 10 _|=S00] 20] 1 | 06 | TL322¢ 


2 Typ 10 | 2.2 | 5.3 | TLC252BC 
0.005 
10 |.'Y° | 10 | 22] 5.3} TLc252c 
0.005 
TYP | 30 | 0.1 TLC25L2AC 
0.005 
Typ 
30 


H+ 
a 
oO 


w 
fon) 
i<e) 


D,JG,P 
D,JG,P 


S65 
w 


oe) 
NI 
wo 


fo) 
os 
SE 
oO 
o) 


D,JG,P 3-73 
D,JG,P 3-73 
D,JG,P 3-75 
TLC25L2BC D,JG,P 3-75 


D,JG,P 3-75 


G) 
@ 
=) 
@ 
= 
<8 
=] 
ashy 
2) 
= 
3 
pe) 
S. 
2) 
_ 


D,JG,P 3-77 


Typ 30.10.41 TLC25L2C 
0.005 
TYP | 99 TLC25M2AC 
0.005 


TLC25M2C D,JG,P 3-77 


TYP | 90 TLC25M2BC 
0.005 


5 Typ *9 | 53°) TLOZ72AC 
0.005 

Typ 2.2 | 5.31 TLC272BC 
0.005 

THO: Fo |e. 5.3 | TLeaz2c 
0.005 
Typ 

10 1 22-1) 6.3.)  TLc277¢ 

Typ 50 | 0.1 | 0.05| TLC27L2AC 
0.005 


D,JG,P 3-82 


D,JG,P 3-82 


N 


D,JG,P 3-82 


D,JG,P 3-84 


D,JG,P 3-86 


LinCMOS, Low Bias TYP 0.1 TLC27L2BC | DJG.P |3-86 
0.005 

LinCMOS, Low Bias Tye 0.1 TLC27L2C D,JG,P 13-86 
0.005 

LinCMOS, Low Bias } 50 | 0.05, TLC27L7C DJG.P 13-88 

LinCMOS, Medium Bias esl = } 0.6 | TLC27M2AC| DJG,P |3-90 

LinCMOS, Medium Bias } 0.6 | TLC27M2BC] D.JG.P 13-90 


D,JG,P 3-90 


LinCMOS, Medium Bias 
LinCMOS, Medium Bias 


Typ 25 
0.005 
Typ 25 
0.005 


} 0.6 | TLC27M2C 
| 08 | TLC27M7C 


D,JG,P 3-92 


Typ 25 
0.005 


re — w — — —_ — —y — — — 
om Ww Ww Ww Ww w ie) Ww wo ie) wo wo is NS 7 ss S ih a iS 


Typ 


= 
LinCMOS, Micro Power, Precision <a 500 | 0.11] 0.05| TLC1078C | DJG,P |3-94 
Excalibur, High Speed, Precision 1000 | 2 | 0.9 | TLE2022C | D,JG,L.P [3-100 
£5 00 ua747C [DWN [3-107 
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OPERATIONAL AMPLIFIERS 
SELECTION GUIDE 


internally compensated, quad 


military temperature range (Values specified for Ta = 25°C) 


supply | | , s = 
VOLTAGE A VD j= 
DESCRIPTION (mv) | (nA) | (V/mV)| (MHz)| (V/us)} TYPE PACKAGES 
max | max! min | typ | TYP 


[10] 50 | 0.6 [0.13 
r22[ 6 [100] so | 1 [os| ime | FKy [316 
Paoo [so [38 [1.7 | rmaise | FKiW |3-36 
0.2 
ra5[ 218] 4 [02] 5 [11] 29] Tosa [Fk [342 _ 
+2 | +22 
z3.5) 218[ 1.8 | 02[ 60 | 27] 16 | TLossam | Fk 
r35[ 218 4 [02] so [27] 16 | Tlosam | Fk [oo | 
23.5) 218 
5] +18 TLO74M FK,J, 3-55 
23.5) 216 13 [| tose | FKaw ]3-61 


iad err. 5.3 | TLC279M FK,J 3-85 
0.005 
Typ 
20 TLC27M4M FK,J 3-91 
0.005 
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OPERATIONAL AMPLIFERS 
SELECTION GUIDE 


internally compensated, quad 


automotive temperature range (Values specified for Ta = 25°C) 


SUPPLY 
vottace | “!0 
ae (mV) fr het ae es TYPE PACKAGES 
AX | MAX | MAX| MIN | TYP p 


DESCRIPTION 


~— 
< 


ee 
Smee teeta — [| [oe [ +] oe [ 
: 
O Extended Temperature Range LM324 wee mis pos | os LM2902 | DJ.N,W 13-15 
ss| 3-1. 36 
— ICOMOS 
Quad uA741 +4.5| +18 raat papa RV4136 D,J,N,W 
® BIFET, Low Power, Precision +3.5P- £18 Sire ee RAR eS TLO34AIl 
a BEE: eae Berar Solon =36[ ta] _@ [o2]s [11] 29] Tosa 
S| Biret- Precision sas[ sie[ 1s [oz | oo [a7] 6 | Tossa 
© BIFET, Precision 0.2-]- BO [2.7 |. 16 | THOB4 
3 BIFET, Low Power, Precision +3.5] +18 PO) at 4: [8.6 4. TOR 
ry) BIFET, Low Noise, Precision +18 ro2 | 50 [3 [13 | Tova 
rt. _[BIFET. General Purpose =asfeta[ 6 [o2] so [3s [1s | Tosa 
2) r 
5 LinCMOS, High Bias aM TLC274aI ae 
T 
T 
LinCMOS, High Bias Bh TLC274I D.J.N 13-83 


LinCMOS, High Bias D,J,N 3-85 


0.05 | TLC27L4AI D,J,N 3-87 
Typ 

50 .1 | 0.05] TLC27L4BI D,J,N 3-87 
Typ 

50 1°17 0,058: TLC27L4! D,J,N 4.87 
0.005 
T 
Ne 
PRS 
2B 

25 
25 


5600 | 0.11 |} 0.05| TLCIO79I 


1000] 2 | 0.9 | TLE2024I 


0.005 
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iS) 
O° 
oO 
ol 


LinCMOS, Low Bias 
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ro) 
jo) 
ol 
oO 


LinCMOS, Low Bias 


2) 


LinCMOS, Low Bias TLC27L91 D,J,N 3-89 


0.8 TLC27M4Al D,J,N 3-91 


Oo 
=I 
Ree t=) 
a fel 

ol 
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aie 
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3 |S 
o1 


LinCMOS, Medium Bias TLC27M4Bl D,J,N 3-91 


08 | TLC27M4l D,J,N 3-91 
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at 
ed 
oi ae) 

o1 


LinCMOS, Medium Bias 
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ne} 


LinCMOS, Medium Bias 
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LC27M9l D,J,N 3-93 


= 
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> ie.e) co © © @ ioe) © = 


LinCMOS, Micro Power, Precision 


Excalibur, High Speed, Precision 


0a, 3-95 
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OPERATIONAL AMPLIFIERS 
SELECTION GUIDE 


internally compensated, quad 


industrial temperature range (Values specified for Ta = 25°C) 


SUPPLY | | : é Sg 
VOLTAGE ie VD; *1 
DESCRIPTION a (mv) | (nA) | (V/mv)] (MHz) | (V/ps) PACKAGES 
max | Max] min | typ | TYP 


TYPE 


Nh o 
o1 oO 


| MIN | MAX om 

[General Purpose, Bipolar ——=SC«d=S | 30 | 8 180] 50 | 06] 09] maz | DINW [315 | 
|General Purpose, Bipolar | 3 | (80 :| 3 | - 80 | 0.6 | 0.3 | LM224a | DJ.NW [3-15 | 
si[ 6 [ao0| 25 [1 [os| imass | oun [ane] 
chs enw loststapaez] * |-% %© [o¢| 2 | ume | oan [oar 
High Gain, Low Power, Bipolar 0.2 LM258 D,J,N 3-17 2) 
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1-26 


internally compensated, quad 


commercial temperature range (Values specified for TA = 25°C) 
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internally compensated, quad 


commercial temperature range (Values specified for TA = 25°C) 
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| MIN | MAX | MAX | MAX| MIN | TYP | TYP 
7 
LinCMOS, High Bias fa TLC274AC 
LinCMOS, High Bias 2 TLC274BC 


3-83 


-{ 


=) Ps) 
O ° 
& s/o 
ol ol 
WwW 
co 
Ww 


TLC27M4BC 


fo) 
—- 
a, 
ao) 
Nh 
a 
WO 
© 
atk 


4 
< 
ne) 


TLC27M4C 3-91 


ioe) 
oO 


fcicewamew f= | | = esol ™ [oe 
fics f= | | © fal ™ [oe 
LinCMOS, Micro Power, Precision 1.4 18 Pet ono] 500 | 0.11 


Fexcalibur, High Speed, Precision | 4 | 40] 08 | 25 


4 
< 
no) 


TLC27M9C 3-93 


TLC1079C 3-95 


TLE2024C | DW,FK,J,N | 3-101 


a p10 
D,J,N - 
hag | 10 | oun c 
; Typ 2 
LinCMOS, High Bias 3 18 10 95 1-631 Ticomec D,J,N 3-83 ~ 
0.005 = 
: | Typ E 
LinCMOS, High Bias 3 18 92 1 6.3 |- TLeo7SG D,J,N 3-85 
0.005 a 
LinCMOS, Low Bias 3 18 ¥8 TLC27L4AC D,J,N 3-87 2 
J 0.005 ae cS 
Coad 
= 
LinCMOS, Low Bias 3 2 Me TLC27L4BC D,J,N 3-87 — 
0.005 ia) 
ees 
: Typ ® 
LinCMOS, Low Bias 3 TLEO2Z7TLAC D,J,N 3-87 ¢ 
0.005 
: Typ G) 
LinCMOS, Low Bias 3 0.1 TLC27L9C D,J,N 3-89 
0.005 
LinCMOS, Medium Bias 3 18 ANP DJN {3-91 
0.005 
EI 


(2) 
= 
< 
ne] 


TEXAS 4 1-27 
INSTRUMENTS 


POST OFFICE BOX 655303 * DALLAS, TEXAS 75265 


OPERATIONAL AMPLIFIERS 
CROSS-REFERENCE GUIDE 


Replacements are based on similarity of electrical and mechanical characteristics as shown in currently published 
data. Interchangeability in particular applications is not guaranteed. Before using a device as a substitute, the 
user should compare the specifications of the substitute device with the specifications of the original. 


Texas Instruments makes no warranty as to the information furnished and buyer assumes all risk in the use 
thereof. No liability is assumed for damages resulting from the use of the information contained herein. 


Manufacturers are arranged in alphabetical order. 


ADVANCED 


LINEAR TI = 
DEVICES REPLACEMENT ‘~ 
ALD1701 or TLC271 3-79,3-80,3-81 se 
ALD1702 or E 
ALD1703 rs} 
teroacs 
= 
ANALOG grasa PAGE o 
— 
ecole REPLACEMENT igen ® 
AD510 or AD517 OP-07 3-29,3-30,3-31 - 
© 
DIRECT SUGGESTED 
FAIRCHILD TI TI fee 
REPLACEMENT REPLACEMENT ; 
uA714 OP-07C 3-29 
uA714E OP-O7E 3-31 
uA714L OP-07D 3-30 
uA741 uA741 3-106 
uA747 uA747 3-107 
uA748 uA748 3-108 
uA771 TLO71 3-53 
uA771A TLO71B or TLO81B 3-53 or 3-58 
uA771B TLO71A or TLO81A 3-53 or 3-58 
uA771L TLO81 3-58 
uA772 TLO72 3-54 
uA772A TLO72B 3-54 
uA772B TLO72A or TLO82A 3-54 or 3-59 
uA772L TLO82 3-59 
uA774 TLO74 3-55 
uA774B TLO74A or TLO74B 3-55 
uA774L TLO84 3-61 
TEXAS 4 
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SUGGESTED 


INSTRUMENTS 


POST OFFICE BOX 655303 * DALLAS, TEXAS 75265 


GENERAL oe PAGE 
ELECTRIC Saari SES NO. 
ICL7611, or ICL7612, TLC271 3-79,3-80,3-81 
or ICL7613 
ICL7621 TLC272 3-82 
ICL7641 TLC274 or TLC27L9 3-83 or 3-89 
1 ICL7642 TLC27M9 3-93 
SUGGESTED 
G) HARRIS TI PAGE 
® REPLACEMENT = 
= HA2515 LM318 3-14 
= HA5130-5 OP-O7E 3-31 
2 HA5135-5 OP-07C 3-29 
| 
oO SUGGESTED 
= INTERSIL TI PAGE 
3 REPLACEMENT NO. 
2 ICL7611, or ICL7612, TLC271 3-79,3-80,3-81 
= or ICL7613 
% ICL7621 TLC272 3-82 
ICL7641 TLC274 or TLC27L9 3-83 or 3-89 
ICL7642 TLC27M9 3-93 
ee DIRECT SUGGESTED ee 
TECHNOLOGY REPLACEMENT REPLACEMENT NO. 
LT1001 LT1001 OP-07C, OP-07D, 3-18,3-29,3-30, 
or OP-O7E or 3-31 
LT1007 LT1007 3-19 
LT1007A LT1007A 3-19 
LT1037 LT1037 3-24 
LT1037A LT1037A 3-24 
SUGGESTED 
MAXIM TI PAGE 
REPLACEMENT NO. 
ICL7611, or ICL7612, TLC271 3-79,3-80,3-81 
or ICL7613 
ICL7621 TLC272 3-82 
ICL7641 TLC274 or TLC27L9 3-83 or 3-89 
ICL7642 TLC27M9 3-39 
Texas WB 
1-30 


OPERATIONAL AMPLIFIERS 
CROSS-REFERENCE GUIDE 


DIRECT SUGGESTED 
MOTOROLA TI TI PAGE 
REPLACEMENT REPLACEMENT NO, 
MC748 uA748 3-108 
MC1458 MC1458 3-26 
MC1558 MC1558 3-26 
MC1709 uA709 ss 
MC1741 uA741 3-106 
MC1747 uA747 3-107 
MC3303 MC3303 3-27 
MC3403 MC3403 RC4136 3-27,3-36 
MC4558 RC4558 3-37 ros 
MC4741 LM348 3-16 a) 
MC34001 TLO71 or LF351 3-53 or 3-5 = 
MC34002 TLO72 or LF353 3-54 or 3-6 S 
MC34004 TLO74 or LF347 3-55 or 3-4 a 
MC34004B TLO74A or LF347B 3-55 or 3-4 i 
= 
DIRECT SUGGESTED — 
NATIONAL TI TI PAGE © 
REPLACEMENT REPLACEMENT NO. = 
LF347 LF347 TLO74 or TLO84 3-4,3-55 or 3-61 o 
LF347B LF347B TLO74A, TLO74B, 3-4,3-55,3-55 ro} 
or TLO84A or 3-61 
LF351 LF351 TLO71 or TLO81A 3-5,3-53 or 3-58 
LF353 LF353 TLO72, TLO72A, 3-6,3-54,3-54, 
or TLO82A or 3-59 
L411 LF411 TLO81A 3-7,3-58 
LF411A TLO71A, TLO71B, 3-53,3-53, 
TLO81A, or TLO81B 3-58, or 3-58 
LF412 LF412 TLO?72A, TLO82A, 3-8,3-54,3-59, 
or TLO82B or 3-59 
LF441 TLO61 3-48 
LF441A TLO61A or TLO61B 3-48 or 3-48 
LF442 TLO62 3-49 
LF442A TLO62B 3-49 
LF444 TLOG4 3-50 
LF444A TLOB4A 3-50 
LHOO44 OP-07C 3-29 
LHOO44B OP-07D 3-30 
LHOO44C OP-O7E 3-31 
LM201A LM201A 3-9 
LM207 LM207 3-10 
LM218 LM218 3-14 
LM224 LM224 3-15 
LM248 LM248 3-16 
LM258 LM258 3-17 
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(Continued) 
DIRECT SUGGESTED 
NATIONAL TI TI PAGE 
REPLACEMENT REPLACEMENT NO. 
LM301A LM301A 3-11 
LM307 LM307 3-12 
LM318 LM318 3-14 
LM324 LM324 3-15 
LM348 LM348 3-16 
LM358 LM358 cealy, 
oO LM709 uA709 = 
© LM741 uA741 3-106 
5 LM883 RC4558 4-37 
© LM1458 MC1458 3-26 
9) LM2900 LM2900 oe 
_ LM2902 LM2902 3-15 
=) LM2904 LM2904 3-17 
ss LM3900 LM3900 ie 
° LMC660 TLC274 3-83 
3 
a SUGGESTED 
re) NEC ia PAGE 
=} REPLACEMENT NO. 
uPC159 LM318 3-14 
uPC251 MC1458 - Ey ae 
uPC354 OP-07 3-29,3-30,3-31 
uPC801 TLO71, TLO81A, 3-53,3-58, 
or LF351 or 3-5 
DIRECT SUGGESTED 
PMI TI TI PAGE 
REPLACEMENT REPLACEMENT NO. 
OP-02 uA741 3-106 
OP-04 uA747 3-107 
OP-07C OP-07C 3-29 
OP-07D OP-07D 3-30 
OP-O7E OP-O7E 3-31 
OP-07F RC4136 3-36 
OP-14C or OP-14E MC1458 3-26 
OP-14J MC1558 3-26 
OP-15F TLO71, TLO81A, 3-53,3-58 
or LF351 or 3-5 
OP-27E OP-27E 9:39 
OP-27G OP-27G 3-34 
OP-37E OP-37E 3-35 
OP-37G OP-37G 3-35 
OP-215F TLO72, TLO82A, 3-54,3-58, 
or LF353 or 3-6 
T st 
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DIRECT SUGGESTED 
RAYTHEON TI Tl PAGE 
REPLACEMENT REPLACEMENT NO. 
RC4136 RC4136 3-36 
RC4156 LM348 3-16 
RC4157 LM348 3-16 
RC4558 RC4558 3-37 
RC4559 RC4559 3-38 
SUGGESTED 
RCA TI PAGE 
REPLACEMENT NO. 
CA081A TLO81 3-58 
CA081A TLOB1A 3-58 
CA082 TLOB82 3-59 
CA082A TLO82A 3-59 
CA084 TLOB4 3-61 
DIRECT SUGGESTED 
SIGNETICS TI TI ae 
REPLACEMENT REPLACEMENT 
NE532 LM358 or TLO22 3-17 or 3-39 
NE5532 NE5532 3-28 
NE5532A NE5532A 3-28 
NE5534 NE5534 3-28 
NE5534A NE5534A 3-28 
SE5534 SE5534 3-28 
SE5534A SE5534A 3-28 
SUGGESTED 
SGS-THOMSON TI PAGE 
REPLACEMENT NO. 
TS271 TLC271 3-79,3-80,3-81 
TS271A TLC271A 3-79,3-80,3-81 
TS271B TLC271B 3-79,3-80,3-81 
TS$272 TLC272 3-82 
TS272A TLC272A 3-82 
TS272B TLC272B 3-82 
TS274 TLC274 3-83 
TS274A TLC274A 3-83 
TS274B TLC274B 3-83 
TS27L2 TLC27L2 3-86 
TS27L2A TLC27L2A 3-86 
TS27L2B TLC27L2B 3-86 
TS27L4 TLC27L4 3-87 
TS27L4A TLC27L4A 3-87 
TS27L4B TLC27L4B 3-87 
TS27M2 TLC27M2 3-90 
TS27M2A TLC27M2A 3-90 
TS27M2B TLC27M2B 3-90 
TS27M4 TLC27M4 3-91 
TS27M4A TLC27M4A 3-91 
TS27M4B TLC27M4B 3-91 
T ve 
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OPERATIONAL AMPLIFIERS 
GLOSSARY 


Input Offset Voltage (Vi¢) 
The d-c voltage that must be applied between the input terminals to force the quiescent d-c output voltage to zero 
or other level, if specified. 

Average Temperature Coefficient of Input Offset Voltage (avyio) 


The ratio of the change in input offset voltage to the change in free-air temperature. This is an average value for the 
specified temperature range. 


mng = |e @ Tau = Wig @ Tai2)) 
ee TA(1)-TA(2) 


where Ta(1) and TA(2) are the specified temperature extremes. 
Input Offset Current (lio) 


The difference between the currents into the two input terminals with the output at zero volts. 


Average Temperature Coefficient of Input Offset Current (ajo) 


The ratio of the change in input offset current to the change in free-air temperature. This is an average value for the 
specified temperature range. 


Df i aes @ TA(1)) = (lo @ Ta(2)) 
es Ta(1)—TA(2) 


where Ta(1) and Ta(2) are the specified temperature extremes. 
input Bias Current (ljp) 


The average of the currents into the two input terminals with the output at zero volts. 


Common-Mode Input Voltage (Vic) 


The average of the two input voltages. 


Common-Mode Input Voltage Range (VicR) 


The range of common-mode input voltage that if exceeded will cause the amplifier to cease functioning properly. 


Differential Input Voltage (Vip) 


The voltage at the noninverting input with respect to the inverting input. 


Maximum Peak Output Voltage Swing (Vom) 
The maximum positive or negative peak output voltage that can be obtained without waveform clipping when the 
quiescent d-c output voltage is zero. 

Maximum Peak-to-Peak Output Voltage Swing (Vopp) 
The maximum peak-to-peak output voltage that can be obtained without waveform clipping when the quiescent d-c 
output voltage is zero. 

Large-Signal Voltage Amplification (Ay) 


The ratio of the peak-to-peak output voltage swing to the change in input voltage required to drive the output. 


Differential Voltage Amplification (Ayp) 


The ratio of the change in output voltage to the change in differential input voltage producing it. 
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OPERATIONAL AMPLIFIERS 
GLOSSARY 


Maximum-Output-Swing Bandwidth (Bom) 


The range of frequencies within which the maximum output voltage swing is above a specified value. 


Unity-Gain Bandwidth (B7) 


The range of frequencies within which the open-loop voltage amplification is greater than unity. 


Phase Margin (¢m) 
The absolute value of the open-loop phase shift between the output and the inverting input at the frequency at which 
the modulus of the open-loop amplification is unity. 

Gain Margin (Am) 
The reciprocal of the open-loop voltage amplification at the lowest frequency at which the open-loop phase shift is 
such that the output is in phase with the inverting input. 

Input Resistance (rj) 


The resistance between the input terminals with either input grounded. 


Differential Input Resistance (rjgq) 


The small-signal resistance between the two ungrounded input terminals. 


Output Resistance (ro) 


The resistance between the output terminal and ground. 


Input Capacitance (Cj) 


The capacitance between the input terminals with either input grounded. 


Common-Mode Input Impedance (zjc) 


The parallel sum of the small-signal impedance between each input terminal and ground. 


Output Impedance (Zo) 


The small-signal impedance between the output terminal and ground. 


Common-Mode Rejection Ratio (kcjR, CMRR) 


The ratio of differential voltage amplification to common-mode voltage amplification. 
NOTE: This is measured by determining the ratio of a change in input common-mode voltage to the resulting change 
in input offset voltage. 


Supply Voltage Sensitivity (kgys, AVji9o/AVcc) 


The absolute value of the ratio of the change in input offset voltage to the change in supply voltages producing it. 
NOTES: 1. Unless otherwise noted, both supply voltages are varied symmetrically. 
2. This is the reciprocal of supply voltage rejection ratio. 


Supply Voltage Rejection Ratio (kgsyrR, AVCC/AVIO) 


The absolute value of the ratio of the change in supply voltages to the change in input offset voltage. 
NOTES: 1. Unless otherwise noted, both supply voltages are varied symmetrically. 
2. This is the reciprocal of supply voltage sensitivity. 
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Equivalent Input Noise Voltage (Vp) 


The voltage of an ideal voltage source (having an internal impedance equal to zero) in series with the input terminals 
of the device that represents the part of the internally generated noise that can properly be represented by a voltage 
source. 


Equivalent Input Noise Current (In) 


The current of an ideal current source (having an internal impedance equal to infinity) in parallel with the input terminals 
of the device that represents the part of the internally generated noise that can properly be represented by a current 
source. 


Average Noise Figure (F) 


The ratio of (1) the total output noise power within a designated output frequency band when the noise temperature 
of the input termination(s) is at the reference noise temperature, To, at all frequencies to (2) that part of (1) caused 
by the noise temperature of the designated signal-input termination within a designated signal-input frequency band. 


Short-Circuit Output Current (I9os) 


The maximum output current available from the amplifier with the output shorted to ground, to either supply, or to 
a specified point. 
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Supply Current (icc) 


The current into the Vcc or Vcc + terminal of an integrated circuit. 


Total Power Dissipation (Pp) : 
The total d-c power supplied to the device less any power delivered from the device to a load. 
NOTE: At no load: Pp = Vcc+ «- Icc+ + Vcec-— ° Icc-.- 

Crosstalk Attenuation (V91/Vo2) 


The ratio of the change in output voltage of a driven channel to the resulting change in output voltage of another channel. 


Rise Time (ty) 


The time required for an output voltage step to change from 10% to 90% of its final value. 


Total Response Time (Settling Time) (ttot) 
The time between a step-function change of the input signal level and the instant at which the magnitude of the output 
signal reaches for the last time a specified level range (+¢€) Containing the final output signal level. 
Overshoot Factor 


The ratio of (1) the largest deviation of the output signal value from its final steady-state value after a step-function 
change of the input signal, to (2) the absolute value of the difference between the steady-state output signal values 
before and after the step-function change of the input signal. 


Slew Rate (SR) 


The average time rate of change of the closed-loop amplifier output voltage for a step-signal input. 
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TECHNICAL DISCUSSION 


getting started 


If you are familiar with PSpice® and would like to use some of the models on the accompanying macromodel 
data floppy disk, you need to know the following: 


@ The macromodels use the nodal assignments shown in Figure 2-4. Only models for devices with external 
compensation use nodes 6 and 7. 

e All devices are modeled as one op amp. To model a dual op amp (such as the TLE2062), use two 
macromodels in your simulation. To model a quad op amp (such as the TLE2064), use four macromodels. 


introduction 


While simulation of analog and mixed-mode systems is becoming more common, one major impediment to 
widespread analog simulation has been the significant amount of computing time necessary for transistor-level 
simulations of the analog components. Although the computing power available at engineers’ workstations 
has increased, this advance has been overshadowed by the need to simulate more complex systems. 


2 


In response to the need for reduced simulation time and computing power, many simulation tool suppliers have 


developed compressed versions of transistor-level products such as the operational amplifier. The term ¢ 
coined for this compressed tool is “macromodel”. The macromodel allows more efficient simulation and gives © 
the designer a fairly accurate portrayal of the actual device. Very simply, the macromodel is a pin-out @® 
representation of a specific function. While the macromodel does not take into account all parameters 3 
necessarily associated with a function, it is still an effective tool. ° 
The following discussion highlights the macromodel concept and the major advantages and limitations of QO 
macromodels. as 
4°) 

the macromodel 3 
Many available references provide an in-depth technical discussion of the macromodel. The Boyle, et. a/., £& 
paper is probably one of the better-known references on the subject of op amp macromodels. Please refer to ¥ 
the end of this section for complete paper references. ows 


The macromodel uses ideal elements in Spice to simulate certain op amp characteristics. This is coupled with 
actual transistors in the input stages of the op amp to yield the op amp macromodel. Figures 2-1 through 2-3 
show the macromodels for JFET-, NPN-, and PNP-input op amps. These particular macromodels were 
derived from MicroSim Corporation's PSpice® Parts™ simulation software. The PSpice® manual available 
from MicroSim contains a detailed discussion of the elements in each of the macromodels shown in 
Figures 2-1, 2-2, and 2-3. Table 2-1 provides a reference for the terminology used in all of the macromodel 
listings in Section 3 of this manual. Table 2-2 lists and describes the components shown in Figures 2-1, 2-2, 
and 2-3. Figure 2-4 shows the nodal assignments for the op amp macromodel that would interface with other 
components in a simulation environment. Only models for devices with external compensation use nodes 6 
and 7. 


the macromodel subcircuit 


The macromodel subcircuit is a listing of the code that the simulation software uses to model the device. The 
macromodel subcircuits in Section 3 of this manual were created using Parts™ software running on an IBM- 
compatible PC. The parameters listed in Table 2-3 were input to the software, and Parts™ generated the 
values required for the subcircuit. In creating the 106 subcircuits in Section 3, typical data sheet values or 
typical laboratory data were used. These typical values were derived from an extensive characterization 
process and truly represent the “typical device’. 


Figure 2-5 shows typical Parts™ code for a subcircuit from Section 3. This same format resides on the 
macromodel data floppy disk that can be found at the back of this manual. 


PSpice is a registered trademark of MicroSim Corporation. 
Parts is a trademark of MicroSim Corporation. 
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FIGURE 2-3. PSpice® MACROMODEL — PNP INPUTS 
U 
‘4 XAS v 
INSTRUMENTS 


POST OFFICE BOX 655303 » DALLAS, TEXAS 75265 


TABLE 2-1. MACROMODEL COMPONENT 
PREFIX DEFINITIONS? 


DEFINITION 


capacitor 
diode 
voltage-controlled voltage source 
current-controlled current source 
voltage-controlled current source 
current-controlled voltage source 
junction FET 

bipolar transistor 

resistor 

independent voltage source and stimulus 


COMP 1 


INVERTING 
INPUT IN- 


NONINVERTING 
INPUT IN+ 


COMP 2 


FIGURE 2-4. OP AMP NODAL ASSIGNMENT 


TABLE 2-2 


COMPONENT 


cee, CSS 


j1, je 
rdi, rd2 


Pattie Ae 2% 

cups Ay etes 

Ramee Se) 
viim 


cl 
c2 
fb 
gcm 
qi ’ 
r2 
ro2 
rp 
vb 


TABLE 2-3. PSpice® INPUTS? 


Vec+ VDD+ 
Voc—. Vop- 
VOM+ 


positive power supply 
negative power supply 


bi 
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. MACROMODEL COMPONENTS?t 


output device 


positive supply limit 


maximum positive output swing 
maximum negative output swing 


positive-going slew rate 
negative-going slew rate 
input bias current 
open-loop voltage amplificat 
unity-gain frequency 
common-mode rejection rati 


ion (dc) 


1@) 


phase margin (in degrees) at unity-gain frequency 


dc output resistance 
ac output impedance 
short-circuit output current 
compensation capacitance 


tAdapted from PSpice, MicroSim Corporation, Irvine, CA, 1989. 
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.Subckt TLE2021 12345 
* 
ci 11 12 6.244E-12 
c2 7 13.4E-12 
dc 53 dx 
Sods 
91 dx 
90 dx 
3 Os 
GO -paiy (2); (3,0) (4,0) 0.55.5 
99 poly(5) vb vc ve vip vin 0 547.3E6 -500E6 500E6 500E6 -500E6 
11 12 188.5E-6 
10 99 335.2E-12 


2 


dc 15.67E-6 
vlim 1K 
13° ax 
> 14 qx 
©) 100 .0E3 
3 5 .305E3 
oO 5.305E3 
a) 1.467E3 
= 1.467E3 
0 14. 76E6 
” 8 62 
= 7 99 63 
7) 3 160.9E3 
a. 9 dc 0 
cS 3 de 1.400 
ad 54 4 dc 1.600 
cj dc 0 
91 de 3.200 
0 dc 3.200 
dx D(Is=800.0E-18) 
PNP (Is=800.0E-18 Bf=270) 
FIGURE 2-5. EXAMPLE OF Parts™ OUTPUT FOR TLE2021, TLE2021A, TLE2021B 
complexity 
One of the main benefits of using macromodels for simulation is their reduced complexity, which in turn 
reduces simulation time and/or required computing power. Figure 2-6 illustrates the complexity of a typical 
schematic when simulating each component in an op amp. Figure 2-1, in contrast, shows the reduced 
complexity of the macromodel equivalent of the same circuit. Compared to Figure 2-6, the branch and node 
count in Figure 2-1 is reduced 5 to 10 times, and the number of p-n junctions is reduced 10 to 20 times. These 
reductions yield a 5X improvement in macromodel simulation run times compared to device-level simulation 
run times. 
When simulating op amps, this reduced complexity can lead to increased productivity in the initial design 
phase of a program. Design ideas can be loaded quickly into the simulator and evaluated without actual 
bench-time analysis. Additionally, device types can be exchanged via software, which also saves 
considerable time. 
4 
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performance and accuracy 


Counting elements in Figures 2-6 and 2-7 reveals that the TLO62 is a relatively simple op amp while the 
TLE2062 is relatively complex. However, when both are simulated using macromodels, there is no difference 
in complexity and simulation time. The true difference is revealed in a significant enhancement in performance 
when the TLE2062 is used during system simulation. 


To check the relative accuracy of the subcircuit representation of the real op amp, simulations were compared 
to actual bench measurements. Figures 2-8 through 2-15 show the circuit configurations used for this check. 
To perform these comparisons, the data sheet typical parameters were first entered into Parts™ . Parts™ then 
generated the subcircuit, which was placed in a simulation environment as shown in Figures 2-8 through 2-15. 
The resulting simulation data were then compared against bench data. If the correlation was not satisfactory, 
the parametric data input into Parts™ were adjusted and the process repeated until satisfactory correlation 
was achieved. Table 2-4 shows the correlation between the macromodel-derived data and bench data for the 
TLO62 and TLE2062. 


VCC+ 


OUT 


Sh IRS CS SE ENE 
R2 Sa] 
1.1kO 


Vcec- 
FIGURE 2-6. TLE2062 EQUIVALENT SCHEMATIC (per amplifier) 
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NONINVERTING 
INPUT 


INVERTING 
INPUT 


| 
@ 
© 
> 
, 
®) 
= FIGURE 2-7. TLO62 EQUIVALENT SCHEMATIC (per amplifier) 
o 
O Voc+ 
—”. 
2. 
2) 
~ 


FIGURE 2-8. DC OUTPUT VOLTAGE SWING FIGURE 2-9. Ayp 


fe] 10 kQ 
> Vo 
mites 
Vcec- 
FIGURE 2-10. CMRR FIGURE 2-11. los 
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Vo 
5V 1 5 
V 
0 -5V ele ‘ 
Voc- 
RL CL 
FIGURE 2-12. los— FIGURE 2-13. SLEW RATE 
12 1000 H 
Vo : Vo 
10 mV 1 5 1 5 
Vi 
-10 mV ae 4 4 
Vcec- 1000 F @ Vi Vcec- 
RL CL RL CL 
FIGURE 2-14. ty, tf, OVERSHOOT FIGURE 2-15. GAIN/PHASE vs FREQUENCY 


TABLE 2-4. DATA SHEET vs MACROMODEL PARAMETRIC COMPARISON FOR THE TL062 and TLE2062 
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uOISSNOSs! 


These macromodels are intended to help engineers evaluate system designs and make initial product 
selections in the beginning stages of the design process. Because of their reduced complexity, the 
macromodels do not comprehend or do not accurately represent many device characteristics. For example, 
the macromodels do not simulate variations in parametric values due to temperature. While different values 
could be substituted to simulate performance at a specific temperature, the macromodels in this manual 
provide only 25°C performance characteristics. An abbreviated list of common op amp parameters that are 
not modeled are listed below: 


input offset voltage 

temperature coefficient of input offset voltage 
input offset current 

common-mode input voltage range 
equivalent input noise voltage 

equivalent input noise current 

temperature effect on component stability 


Macromodels are used for board-level simulations, which frequently include digital components. Because 
digital components have well-defined I/O specs with only two states, digital macromodels often contain 
tolerances for timing and other parameters. Analog components, however, have an infinite number of possible 
I/O states that are affected by temperature, supply voltages, and loading considerations. While the digital 
model may provide a valid design evaluation for worst-case limits, this is beyond what any one analog model 
can do. 


Macromodels can very accurately reflect a small set of parameters (e.g., bandwidth or settling time), but since 
a macromodel only represents one operating point, this “accurate” model only provides more precision on a 
typical specification. Several analog macromodels would be required to support this kind of simulation, and 
considering the simplifications in the model, the accuracy may not be sufficient. Thus, Tl has chosen to provide 
only typical models at room temperature. These macromodels give a fairly good first- and second-order 
simulation of the actual devices. Good design practice dictates the use of minimum and maximum parametric 
values over the intended operating temperature range including a thorough evaluation of breadboard circuits 
and prototypes. Refer to the device data sheet for complete characterization data. 


macromodel references 


G. R. Boyle, B. M. Cohn, D. Pederson, and J. E. Solomon, “Macromodeling of integrated circuit operational 
amplifiers,” /EEE Journal of Solid-State Circuits, vol. SC-9, pp. 353-364, 1974. 


G. Krajewska and F. E. Holmes, “Macromodeling of FET/bipolar operational amplifiers,” /EEE Journal of Solid- 
State Circuits, vol. SC-14, pp. 1083-1087, 1979. 


C. Turchetti and G. Masetti, “A macromodel for integrated all-MOS operational amplifiers,” /EEE Journal of Solid- 
State Circuits, vol. SC-18, pp. 389-395, 1983. 


PSpice, MicroSim Corporation, 20 Fairbanks, Irvine, California 92718, 1989. General offices: (714) 770-3022. 
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For up-to-date information or assistance on these 
Macromodels or any Amplifier Products such as: 


Operational Amplifiers 
Comparators 
Timers 


Call: 1-214-997-3389 
Operational Amplifier Applications Hotline 


Technical data for any Tl semiconductor product is available from your 
nearest TI Field Sales Office, local authorized TI Distributor, or by 
writing directly to: 


Texas Instruments Incorporated 
LITERATURE RESPONSE CENTER 
P.O. Box 809066 

Dallas, TX 75380-9066 
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OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


Extremely Low Offset Voltage ... 5 u.V Max CMRR and ksypr ... 110 dB Min 


e Extremely Low Change In Offset Voltage @ Single-Supply Operation 

with Tempereture. -... 0.003 RNIC TYP @ Common-Mode Input Voltage Range Includes 
e Low Input Offset Current ... 30 pA Max the Negative Rail 
e Ayp -... 120 dB Min e@ No Noise Degradation with External 


Capacitors Connected to Vpp— 


macromodel — applies to ICL7652, LTC7652 


,subckt. ICL7652. .1-2°3 4:5 
* 

cl 11 12 4.354E-12 

c2 6 7 15.00E-12 

css 10 99 1.607E-12 


de 5 53 dx 
de 54 5 dx 
dlp 90 91 dx 
dln 92 90 dx 
dp 4 3 dx 


egnd 99.0; paly (2) .(3;0)-' (4,0).-0..5..5 
fb 7 99 poly(5) vb vc ve vlp vin 0 1.070E9 -1E9 1E9 1E9 -1E9 
ga 6 011 12 179.1E-6 
gcm 0 610 99 17.91E-12 
iss 3 10 de 46.50E-6 
hlim 90 O vlim 1K 
j1 cA BR ae bt ae 
1 


<2 12 10 jx 
r2 6 9 100.0E3 
rdl 411 5.584E3 
rd2 412 5.584E3 
rol So. .  265 

ro2 7 99 165 

rp 3 4 6.667E3 
rss 10 99 4.301E6 
vb 9 “O-de- 0 

vec * 5466-9 
ve 54 4 dc .8 
Viim’.? 8 de. 0 
Vin Sk ~O0.de.3 
vin 0 92 de 3 
model dx D(Is=800.0E-18) 


.model jx PJF(Is=2.000E-12 Beta=500E-6 Vto=0.05) 


Macromodels, simulation models, or other models Copyright © 1990, Texas Instruments Incorporated 


provided by Tl, directly or indirectly, are not 
th ea by Ti re oat bac meal = - - TEXAS 
specifications and operating characteristics of the 
semiconductor product to which the model relates. INST RUM ENTS 
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LF347 
OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


Low Input Bias Current ... 50 pA Typ e Wide Gain Bandwidth ... 3 MHz Typ 
e@ Low Input Noise Current ... @ High Slew Rate ... 13 V/us Typ 


0.01 pA/VHz Typ @ Pin Compatible with the LM348 
e Low Total Harmonic Distortion 


e Low Supply Current ... 8mA Typ 


macromodel — applies to LF347, LF347B 


.subckt LF347 a2. fee 
* 

cl 11 12 3.498E-12 

c2 6 7 15.00E-12 


dc 5-53: dx 
de 54 5 dx 
dip 90 91 dx 
din 92 90 dx 
dp 4 3 dx 


egnd 99 0O poly(2) (3,0) (4,0) 0 .5 .5 
fb 7 99 poly(5) vb vc ve vlp vin. 0 14.15E6 -10E6 10E6 10E6 -10E6 
ga 6 01112 282.8E-6 
gcm 0 610 99 1.590E-9 
iss 3 10 de 195.0E-6 
hlim 90 O vlim 1K = 
41 LS. 2 20° 4x 
1 


j2 12 10 4x 
r2 9 100.0E3 
rdl 11 3.536E3 
rd2 12 3.536E3 
rol 5° 50 

ro2 99 25 

rp 4 15.00E3 
rss 99 1.026E6 
vb 0 de 0 


dc 2.200 
4 dc 2.200 
8 de 0 

0 de -25 

92 dec 25 


< 
Q 
p ve) un t 
OPN PF WOOWIOF BO 
un 
Ww 


.model D (Is=800.0E-18) 

-model jx PJUF(Is=25.00E-12 Beta=235.1E-6 Vto=-1) 

.ends 
Macromodels, simulation models, or other models - Copyright © 1990, Texas Instruments Incorporated 
provided by Ti, directly or indirectly, are not 4, 
warranted by TI as fully representing all of the TEXAS ais 
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e High Input Impedance .. 


e Low Input Noise Voltage 
e Low Input Noise Current ... 0.01 pA/VHz 
@ Low Supply Current ... 1.8mA Typ 

. 10120 


Low Input Bias Current ... 50 pA Typ 
...18 nV/VHz Typ 


@ Low Total Harmonic Distortion 


macromodel — applies to LF351 


.subckt LF351 


* 


el 11 
c2 6 
dc 5 
de 54 
dlp 90 
din 92 
dp 4 
egnd 99 
fb 7 
ga 6 
gcm 0 
iss 3 
hlim 90 
jl 11 
j2 12 
r2 6 
rdl 4 
rd2 4 
rol 8 
ro2 7 
rp 3 
rss 10 
vb 9 
vc 3 
ve 54 
vilim 7 
Vip. $1 
vin 0 
.model dx 
.model jx 
.ends 


12 
4 
53 
5 
91 
90 
3 
0 
99 


92 


OPERATIONAL AMPLIFIER MACRO 


+. 2° 3-405 

3.498E-12 

15.00E-12 

dx 

dx 

dx 

dx 

dx 

poly (2) (3,0) (4,0) 0».5 25 


LF351 


Internally Trimmed Offset Voltage ... 
10 mV Typ 


e High Slew Rate ... 13 V/us Typ 
e Wide Gain Bandwidth ... 3 MHz Typ 
e Pin Compatible with Standard 741 


poly(5) vb vc ve vip vin 0 28.29E6 -30E6 30E6 30E6 -30E6 
11 12 282.8E-6 
10 99 1.590E-9 


dc 195.0E-6 
vlim 1K 
10 4x 

10 4x 
100.0E3 
3.536E3 
3.536E3 
50 

25 
15.00E3 
1.026E6 
dc 0 

dc 2.200 
dc 2.200 
dc 0 

de -30 

dc 30 


D(Is=800.0E-18) 
PJF (Is=12.50E-12 Beta=250.1E-6 Vto=-1) 


Macromodels, simulation models, or other models 
provided by Tl, directly or indirectly, are not 
warranted by TI as fully representing all of the 
specifications and operating characteristics of the 
semiconductor product to which the model relates. 
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LF353 
OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


. 10120 Typ 
@ Low Input Noise Current ... e Internally Trimmed Offset Voltage 


0.01 pA/VHz Typ ® Wide Gain Bandwidth ... 3 MHz Typ 
e Low Input Noise Voltage ... 18 nV/VHz Typ «High Slew.Riate 13 Vius Typ 


@ Low Supply Current ... 3.6 mA Typ 


Low Input Bias Current ... 50 pA Typ High Input Impedance .. 


macromodel — applies to LF353 


.subckt LF353 ee em ee 
* 

ei 11 12 3.498E-12 

c2 6 7. 15.0028-1i2 


dc 5 53 dx 
de 54 5 dx 
dlp 90 91 dx 
din 92 90 dx 
dp 4 3 dx 


egnd 99 0 poly(2) (3,0) (4,0) 0 .5 .5 

fb 7 99 poly(5) vb vc ve vip vln 0 28.29E6 -30E6 30E6 30E6 -30E6 
ga 6° 0 21-22 282 .8E=6 

gcm 0 610 99 1.590E-9 

iss 3 10 de 195.0E-6 

hlim 90 0O vlim 1K 

ak ps a” Se 

j sf 


42 12 10 4x 
¥2 6 9 100.0E3 
rdl 411 3.536E3 
rd2 412 3.536E3 
rol & 5.50 
ro2 7 $9 11.62 
rp 3 4 15.00E3 
rss 10 99 1.026E6 
vb 9 0 dc 0 
vc 3. 53.-do 2.200 
ve 54 4 dec 2.200 
Viin “27 -8-.de.0 
wip. 91.--0° de.30 
vin 0 92 de 30 
-model dx D(Is=800.0E-18) 
.model jx PJF(Is=12.50E-12 Beta=250.1E-6 Vto=-1) 
.ends 
Macromodels, simulation models, or other models ‘ Copyright © 1990, Texas Instruments Incorporated 
provided by Tl, directly or indirectly, are not i} 
warranted by Ti as fully representing all of the TEXAS ai 
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LF411C 
OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


Low Input Bias Current ... 50 pA Typ e High Input Impedance ... 1012.9 Typ 


@ Low Input Noise Current ... e Low Total Harmonic Distortion 
0.01 pA/WHz Typ @ Low 1/f Noise Corner ... 50 Hz Typ 


e Low Supply Current ... 2.0mA Typ 


macromodel — applies to LF411C 
.subckt LF411C 12345 


K 
cl 11 12 3.498E-12 
oZ 6.7. 15. 008-12 
dc 5 53> dx 


din 92 90 dx 

dp 4 3 dx 

egnd 99 0 poly(2) (3,0) (4,0) 0 .5 .5 

fb 7 99 poly(5) vb vc ve vip vin 0 28.29E6 -30E6 30E6 30E6 -30E6 
ga 6 01112 282.8E-6 

gcm 0 610 99 1.590E-9 

iss 3 10 de 195 :0E-6 

hlim 90 O vlim 1K 

31 ae 2 10-e 

j 1 


j2 12 10 jx 

r2 6 9 100.0E3 

rdl 411 3.536E3 

rd2 412 3.536E3 

rol oe SO 

ro2 7 99 25 

rp 3 4 15.00E3 

rss 10 99 1.026E6 

vb § 0 de G 

vc 3 53: de..2.200 

ve 54 4dc 2.200 

vlim 7 8 dc 0 

vip 91. -0-de 30 

vin 0 92 de 30 
.model dx D(Is=800.0E-18) 


.model jx PJF(Is=12.50E-12 Beta=250.1E-6 Vto=-1) 


Macromodels, simulation models, or other models Copyright © 1990, Texas Instruments Incorporated 


provided by Tl, directly or indirectly, are not j 
warranted by TI as fully representing all of the TEXAS 
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LF412C 
OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


.. 1012.0 Typ 
@ Low Input Noise Current ... e Internally Trimmed Offset Voltage 


0.01 pA/VHz Typ © Wide Gain Bandwidth ... 3 MHz Typ 
e Low Supply Current ... 4.5mA Typ © High Slew Rate ... 13 V/us Typ 


Low Input Bias Current ... 50 pA Typ High Input Impedance . 


macromodel — applies to LF412C 


.subckt LF412C 2a: 425 
« 
et 11 12 3.498E-12 
c2 6 7 15.00E-12 
dc 5 53 dx 
de 54 5 dx 
dlp 90 91 dx 
din 92 90 dx 
dp 4 3 dx 
egnd 99 0O poly(2) (3,0) (4,0) 0 .5 .5 
fb 7 99 poly(5) vb vc ve vlp vln 0 28.29E6 -30E6 30E6 30E6 -30E6 
ga 6 O 11 -12.:282.8E-6 
gcm 0 610 99 1.590E-9 
iss 3 10 do 195: 0E-6 
hlim 90 O vlim 1K 
31 id: “2°46 7% 
j 1 


j2 12 10 jx 

r2 6 9 100.0E3 
rdl 411 3.536E3 
rd2 412 3.536E3 
rol a a 

ro2 7 99 25 

rp 3 4 15.00E3 
rss 10 99 1.026E6 
vb 9. 0dc 0 

ve 3. 53-62. 200 
ve 54 4 de 2.200 
vwiim 7° 8-de'0 

vip .91. 0.de-30 
vin 0 92 dc 30 


-model dx D(Is=800.0E-18) 
-model jx PUF(Is=12.50E-12 Beta=250.1E-6 Vto=-1) 


.ends 
Macromodels, simulation models, or other models if Copyright © 1990, Texas Instruments Incorporated 
provided by u oa or indirectly, a ye Ti 4 
warranted by TI as fully representing all of the 
3-8 _ specifications and operating cherecteriatics of the EXAS 


semiconductor product to which the model relates. INST RUM ENTS 


POST OFFICE BOX 655303 » DALLAS, TEXAS 75265 


LM101A 
OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


Low Input Currents No Latch-Up 


e Low Input Offset Parameters e Wide Common-Mode and Differential Voltage 
e Adjustable Frequency and Transient hanes 

Response Characteristics e Same Pin Assignments as uA709 
e Short-Circuit Protection e Designed to be Interchangeable with National 


e Offset-Voltage Null Capability Semiconductor LM101A and LM301A 


macromodel — applies to LM101A, LM201A 


.subckt LM101A in2 34. 34.4 
* 

cl 11 12 6.996E-12 

dc 5:53 dx 

de 54°35 :ax 

dip 90 91 dx 

din 92 90 dx 

dp 4 3 dx 


egnd 99 0O poly(2) (3,0) (4,0) 0 .5 .5 


3 


fb 7 99 poly(5) vb vc ve vip vin 0 53.05E6 -50E6 50E6 50E6 -50E6 
ga 6. 0: 31 12-156. 8E-6 

gcm 0 610 99 2.682E-9 

iee 10 4 de 15.06E-6 

hlim 90 0O vlim 1K 

ql il--2..13 Gx 

q2 12-1: 14-ox 


r2 6 9 100.0E3 
rel 3 11 6.631E3 
rce2 3 12 6.631E3 
rel 13 10 3.169E3 
re2 14 10 3.169E3 
ree 10 99 13.28E6 


Operational Amplifier Macromodels 


rol 8-5 56 

ro2 7 99 25 

rp 3 4 16.81E3 

vb 9-0 de 

ve 3.53. ac. 2-700 

ve 54 4dc 2.700 

viim 7-8 de 0 

vip... 91. 0 de 25 

vin 0 92 dc 25 
.model dx D(Is=800.0E-18) 

qx 


NPN (Is=800.0E-18 Bf=250) 


Macromodels, simulation models, or other models ; Copyright © 1990, Texas Instruments Incorporated 
provided by Tl, directly or indirectly, are not i} 
warranted by TI as fully representing all of the TEXAS 
specifications and operating characteristics of the | 3-9 
semiconductor product to which the model relates. NST RUMENTS 

POST OFFICE BOX 655303 » DALLAS, TEXAS 75265 


LM107 
OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


e Low Input Currents a @ Short-Circuit Protection 

@e No Frequency Compensation Required @ No Latch-Up 

e Low Input Offset Parameters e Wide Common-Mode and Differential Voltage 
Ranges 


macromodel — applies to LM107, LM207 
.subckt LM107 aus 4-5 
* 


el 11 12 6.996E-12 
c2 6 7 30.00E-12 


de 5 53 dx 
de 54 5 dx 
dlp 90 91 dx 
din 92 90 dx 
dp 4 3 dx 


egnd 99 0 poly(2) (3,0) (4,0) 0 .5 .5 


fb 7 99 poly(5) vb vc ve vlp vin 0 53.05E6 -50E6 50E6 50E6 -50E6 
ga 6 011 12 156.8E-6 

3 gom 0 6 10 99 2.682E-9 
iee 10 4 dec 15.06E-6 
hlim 90 0O vlim 1K 

'@) ql Aa 2 OLS oe 

7) q2 12 1 14 qx 

2 r2 6 9 100.0E3 

o rel 3 11 6.631E3 

roy rc2 3 12 6.631E3 

= rel 13 10 3.169E3 

® re2 14 10 3.16953 

> ree 10 99 13.28E6 

= rol 8-5 aw 

G ro2 4 “99° 25 

ome rp 3 4 16.81E3 

== vb 9 0dc0 

@ ve 3 53 de 2.700 
ve 54 4 dc 2.700 

Ss wlim. <7 .8\. de 0 

> vip 91 0 de 25 

r=} vin 0 92 de 25 

3 model dx D(Is=800.0E-18) 

ra) .model qx NPN(Is=800.0E-18 Bf=250) 

eY ends 

@ 

a 


Macromodels, simulation models, or other models 


stella a directly or indirectly, vate. = T 
warranted by TI as fully representing all of the 
3-10 _ specifications and operating characteristics of the EXAS 


semiconductor produet to which the model relates. | NSTRUM ENTS 


POST OFFICE BOX 655303 » DALLAS, TEXAS 75265 


Copyright © 1990, Texas Instruments Incorporated 


LM301A 
OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


e Low Input Currents @ No Latch-Up 
e Low Input Offset Parameters e Wide Common-Mode and Differential Voltage 
e Adjustable Frequency and Transient ange? 
Response Characteristics e Same Pin Assignments as uA709 
e Short-Circuit Protection e Designed to be Interchangeable with National 


© Offset-Voltage Null Capability Semiconductor LM101A and LM301A 


macromodel — applies to LM301A 


.subckt LM301A 123 4-5-6°7 
* 


el 11 12 7.977E-12 
de 5 53 dx 
de 54 5 dx 
dlp 90 91 dx 
din 92 90 dx 
dp 4 3 dx 


egnd 99 0O poly(2) (3,0) (4,0) 0 .5 .5 


3 


fb 7 99 poly(5) vb vc ve vip vin 0 42.44E6 -40E6 40E6 40E6 -40E6 
ga 6 011 12 188.5E-6 

gcm 0 610 99 3.352E-9 

iee 10 4 de 15.14E-6 

hlim 90 O vlim 1K 

ql 2013268 

q2 12 114 qx 


r2 6 9 100.0E3 
rel 3 11 °35.:305E3 
rc2 312 5, 305E3 
rel 13 10 1.839E3 
re2 14 10 1.839E3 
ree 10 99 13.21E6 


D (Is=800.0E-18) 
NPN (Is=800.0E-18 Bf=107.1) 


Operational Amplifier Macromodels 


rol eo: 5°30 
ro2 7 99 25 
rp 3 4-26-8183 
vb 9 0Odc 0 
ve 3 -53-de-2:.600 
ve 54 4 dc 2.600 
¥lim.-7-~ 8>de_0 
vip-.-91 .0-de 25 
vin 0 92 de 25 

dx 

qx 


Macromodels, simulation models, or other models ‘ Copyright © 1990, Texas Instruments Incorporated 
provided by Tl, directly or indirectly, are not y} 
warranted by Tl as fully representing all of the TEXAS 
specifications and operating characteristics of the | 3-11 
semiconductor product to which the model relates. NST RUMENTS 

POST OFFICE BOX 655303 * DALLAS, TEXAS 75265 


LM307 
OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


e Low Input Currents e Short-Circuit Protection 

@ No Frequency Compensation Required e No Latch-Up 

e Low Input Offset Parameters @ Wide Common-Mode and Differential Voltage 
Ranges 


macromodel — applies to LM307 


.Subckt LM307 a2 3.48°5 
* 

cl 11 12 8.887E-12 

c2 6 7 .30.00E-12 


dc § 53. ax 
de 54 .5.dx 
dlp 90 91 dx 
din 92 90 dx 
dp 43° Ox 


egnd 99 0O poly(2) (3,0) (4,0) 0 .5 .5 


fb 7 99 poly(5) vb vc ve vlp vin 0 42.44E6 -40E6 40E6 40E6 -40E6 
ga 6 01112 188.5E-6 

3 gem 0 610 99 3.352E-9 
iee 10 4 de 15.14E-6 
hlim 90 0 vlim 1K 

O qi 11 213 qx 

os q2 12 114 qx 

=e r2 6 9 100.0E3 

2 rel 3 11 5.305E3 

roy re2. 3:12 5.305E3 

8 rel 13 10 1.839E3 

2» re2 14 10 1.83953 

> ree 10 99 13.21E6 

os rol S. .° 5-50 

ro2. 7 99 25 

= rp 3 4 16.8153 

= vb 9 O0dc 0 

@ vc 3.53 de 2.600 

4 ve 54 4dc 2.600 

D vlim 7 8 dc 0 

eo) vip. 91 ~0-de.25 

O vin 0 92 de 25 

= -model dx D(Is=800.0E-18) 

ro) .model qx NPN(Is=800.0E-18 Bf=107.1) 

ry .ends 

an 


Macromodels, simulation models, or other models 


4 st vs or indirectly, tgs ae Ti wis 
warranted by TI as fully representing all of the 
3-12 specifications and operating characteristics of the EXAS 


semiconductor product to which the model relates. INSTRUM ENTS 


POST OFFICE BOX 655303 « DALLAS, TEXAS 75265 


Copyright © 1990, Texas Instruments Incorporated 


LM308 
OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


Input Offset Current ... 200 pA Max at 
25°C for LM108, LM108A iene 
e Applications: 


@ Input Bias Current ... 2nA Max at 25°C for Integrators 
LM108, LM108A Transducer Amplifiers 


@ Supply Current ... 600 nA Max at 25°C for patie 
LM108, LM108A g 
e Designed To Be Interchangeable with National 
e Input Offset Voltage ... 500 w.V Max ; F 
at Ta = 25°C for LM108A, LM308A LM108 Series and Linear Technology LM108 


Series 
e Offset Voltage Temperature Coefficient ... 
5 wV/°C Max for LM108A, LM308A 


Supply Voltage Range ... +2Vto+18V 


macromodel — applies to LM108, LM108A, LM308, LM308A 


.subckt LM308 b mer ees. ae ae gee» 
* 


cl 11 12 6.887E-12 
dc 5°53.-Gx 
de 54 5 dx 
dlp 90 91 dx 
din 92 90 dx 
dp 4 3 dx 


egnd 99 0 poly(2) (3,0) (4,0) 0 .5 .5 


fb 7 99 poly(5\! vb vec ve vip vin 0 19.59E6 -20E6 20E6 20E6 -20E6 
ga 6. 0 ti 12222  SE-6 

gcm 0 610 99 6.891E-9 

iee 10 4 dec 6.003E-6 

hlim 90 0O vlim 1K 

ql pe Tee” at es Hee 

q2 12 114 qx 


r2 6 9 100.0E3 
rel 3: -At:33 36153 
rc2 3 12 8.161E3 
rel 13 10 -460.3 
re2 1410 -460.3 
ree 10 99 33.32E6 


Operational Amplifier Macromodels cS 


rol Sb. Aeo 
ro2 7 99-125 
rp 3 4 102.0E3 
vb 9 0Odc 0 
ve 3 *53-c66é:2.600 
ve 54 4 dc 2.600 
viam 7 8 de 0 
wip .91.0-de 6 
vin 0 92 de 6 
.model dx D(Is=800.0E-18) 
.model qx NPN(Is=800.0E-18 Bf=2.000E3) 
.ends 
Macromodels, simulation models, or other models Z Copyright © 1990, Texas Instruments Incorporated 
provided by Tl, directly or indirectly, are not 
warranted by Ti as fully representing all of the St 


3-13 


specifications and operating characteristics of the 


TEXAS 
semiconductor product to which the model relates. INST RUMENTS 


POST OFFICE BOX 655303 * DALLAS, TEXAS 75265 


LM318 
OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


@ Small-Signal Bandwidth ... 15 MHz Typ e Internal Frequency Compensation 
e Slew Rate ... 50 V/us Min @ Input and Output Overload Protection 
e Bias Current ... 250 nA Max (LM218) e Same Pin Assignments as General-Purpose 


e Supply Voltage Range ... +5Vto+20V Operational Amplifiers 


macromodel — applies to LM218, LM318 


.subckt LM318 12213: 455 
* 
cl 11 12 8.50E-12 
c2 6 7 25.00E-12 
dc § 53 Ox 
de 54. 5. dx 
dlp 90 91 dx 
din 92 90 dx 
dp 4 3 dx 
egnd 99 0O poly(2) (3,0) (4,0) 0 .5 .5 
9 poly(5) vb vc ve vlp vin 0 1.697E6 -2E6 2E6 2E6 -2E6 
01112 2.474E-3 
6 10 99 13.25E-9 
iee 10 4 de 1.750E-3 
0 
2 
i, 


Ww 
2% 


vlim 1K 
13 qx 
14 qx 
52 6 9 100.0E3 
rel 3 11 424.4 
rce2 3 12 424.4 
rel 13 10 394.7 
re2 14 10 394.7 
ree 10 99 114.3E3 


rol 8.5230 

ro2 7 99 50 

rp 3  °4.$.23i83 

vb 9 0 dc 0 

vc 3 33 dé. 2.700 

ve 54 4 dc 2.700 

Vim. -7 8 de-0 

wan. Si. O° de. 21 

vin 0. 92 de 21 
.model dx D(Is=800.0E-18) 
.model qx NPN(Is=800.0E-18 Bf=5.833E3) 
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Macromodels, simulation models, or other models Copyright © 1990, Texas Instruments Incorporated 


provided by Tl, directly or indirectly, are not j 
warranted by TI as fully representing all of the TEXAS 
3-14 _ specifications and operating characteristics of the | 
semiconductor product to which the model relates. NST RUMENTS 
POST OFFICE BOX 655303 » DALLAS, TEXAS 75265 


| | LM324 
OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


Wide Range of Supply Voltages: e Low Input Bias and Offset Parameters: 


Single Supply ... 3Vto30V Input Offset Voltage ... 3mV Typ 
(LM2902 ... 3 V to 26 V) A Versions ... 2mV Typ 
or Dual Supplies input Offset Current ... 2nA Typ 


Input Bias Current ... 20 nA Typ 


@ Low Supply Current Drain Independent of A Versions ... 15nA Typ 


Supply Voltage ... 0.8mATyp | 

e Differential Input Voltage Range Equal to 
Maximum-Rated Supply Voltage ... 32 V 
(26 V for LM2902) 


e Open-Loop Differential Voltage 
Amplification ... 100 V/mV Typ 


e Common-Mode Input Voltage Range 
Includes Ground, Allowing Direct Sensing 
Near Ground 


e Internal Frequency Compensation 


macromodel — applies to LM124, LM224, LM224A, LM324, LM324A, LM2902 


.subckt LM324 ‘2.3855 
* 

ox 11 12 5.544E-12 

c2 6 7 20.00E-12 


de 5 53 dx 
de 54 5 dx 3 
dip 90 91 dx 
din 92 90 dx 
dp 4 3 dx 


egnd 99 0 poly(2) (3,0) (4,0) 0 .5 .5 
fb 7 99 poly(5) vb vc ve vlp vin 0 15.91E6 -20E6 20E6 20E6 -20E6 
ga 6 011 12 125.7E-6 

gcm 0 610 99 7.067E-9 

iee 3 10 de 10.04E-6 

hlim 90 0O vlim 1K 

ql pe ee aS B= = 

q2 co eee ae © ee 

r2 6 9 100.0E3 

rel 411 7.957E3 

rce2 4£-12-7::-957283 

rel 13 10 2.773E3 

re2 1410 2.773E3 

ree 10 99 19.92E6 


Operational Amplifier Macromodels 


rol S$ 50 
ro2 7 99 50 
rp 3 4 30.3153 
vb 9 0dc 0 
vc 3 33s. de 2.100 
ve 54 4dc .6 
vyiinm. 7 8-de © 
vip 91 0 de 40 
vin 0 92 de 40 
.model dx D(Is=800.0E-18) 
.model qx PNP (Is=800.0E-18 Bf=250) 
.ends 
Macromodels, simulation models, or other models * Copyright © 1990, Texas Instruments Incorporated 
provided by Tl, directly or indirectly, are not i} 
warranted by TI as fully representing all of the Hip 


specifications and operating characteristics of the 3-15 
semiconductor product to which the model relates. INSTRUMENTS 
POST OFFICE BOX 655303 * DALLAS, TEXAS 75265 


LM348 
OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


e wuA741 Operating Characteristics e Class AB Output Stage 


e Low Supply Current Drain ... 0.6mA Typ e Input/Output Overload Protection 


(per amplifier) e Designed to be Interchangeable with National 


e Low Input Offset Voltage LM148, LM248, and LM348. 
e Low Input Offset Current 


macromodel — applies to LM148, LM248, LM348 


.subckt LM348 £23. 4°5 
* 

cl 11 12 9.461E-12 

c2 6 7 30.00E-12 


de 5 53 dx 
de 54 5 dx 
dlp 90 91 dx 
din 92 90 dx 
dp 4 3 dx 


egnd 99 0O poly(2) (3,0) (4,0) 0 .5 .5 
poly(5) vb vc ve vip vin 0 4.715E6 -5E6 5E6 5E6 -5E6 


OO 
o 


9 
ga 0 11 12 256.2E-6 
gcm 0 610 99 4.023E-9 
iee 10 4 de 15.06E-6 
hlim 90 O vlim 1K 
ql a1: -2 33> ox 

1 


14 qx 
r2 6 9 100.0E3 
rel 3 11 4,420E3 
rc2 3 12 4.420E3 
rel 1310 968 

re2 1410 968 

ree 10 99 13.28E6 


rol Se §-750 

ro2 7 99 150 

rp 3. @-S1.26E3 

vb 9 0Odc 0 

vc 3. 53: de. 3600 

ve 54 4dc 3.600 
vain. <7-—-8- ge-'0 

wip «Gly. 0: de 25 

vin 0 92 dc 25 
model dx D(Is=800.0E-18) 


.model qx NPN(Is=800.0E-18 Bf=250) 
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Macromodels, simulation models, or other models 


salah i seabed or indirectly, oye not T 4s 
warranted by Tl as fully representing all of the 
3-16 _ specifications and operating charactarielies of the EXAS 


semiconductor product to which the model relates. | NST RUMENTS 


POST OFFICE BOX 655303 » DALLAS, TEXAS 75265 


Copyright © 1990, Texas Instruments Incorporated 


LM358 
OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


e Wide Range of Supply Voltages: @ Low Input Bias and Offset Parameters: 
Single Supply ... 3Vto30V input Offset Voltage ... 3mV Typ 
(LM2904 ... 3 V to 26 V) A Versions ... 2mV Typ 
or Dual Supplies Input Offset Current ... 2nA Typ 


e Low Supply Current Drain independent of 
Supply Voltage ... 0.7 mA Typ 


e Common-Mode Input Voltage Range 


Input Bias Current ... 20 nA Typ 
A Versions ... 15nA Typ 


e Differential Input Voltage Range Equal to 


Includes Ground, Allowing Direct Sensing Maximum Hated SUppiy. VORegS «<7 E Se 
(+26 V for LM2904) 
Near Ground 
, @ Open-Loop Differential Voltage 
e Internal Frequency Compensation Amplification ... 100 VimV Typ 
macromodel — applies to LM158, LM258, LM258A, LM358, LM358A, LM2904 
.subckt LM358 6 ee a ee ew 
* 
cl 1112 5.544E-12 
c2 6 7 20.00E-12 
dc 5 52> dx 
de 54 5 dx 3 
dlp 90 91 dx 
din 92 90 dx 
dp 4 3 dx aL 
egnd 99 0 poly(2) (3,0) (4,0) 0.5 .5 a 
fb 7 99 poly(5) vb vc ve vlp vin 0 15.91E6 -20E6 20E6 20E6 -20E6 e) 
ga 6 011 12 125.7E-6 o 
gem 0 6 10 99 7.067E-9 (eo) 
iee 3 10 de 10.04E-6 O 
hlim 90 0O vlim 1K G 
qi 11 2 13 qx = 
q2 12 °=-1-14 ax h 
r2 6 9 100.053 a 
rol 4 11 7.957E3 — 
re2 412 7.957E3 2. 
rel 13 10 2.773E3 S 
re2 14 10 2.773E3 <§ 
ree 10 99 19.92E6 —_ 
rol 8 5 50 = 
ro2 7 99 50 fo) 
rp 3. 44.30.3183 ~ 
vb 9 0 dc 0 © 
ve 3 53 de 2.100 ® 
ve 54 4dc .6 = 
vlim 7 8 dec 0 Oo 
vip 91 0 de 40 
vin 0 92 de 40 
model dx D(Is=800.0E-18) 
model qx PNP (Is=800.0E-18 Bf=250) 
ends 
Macromodels, simulation models, or other models . Copyright © 1990, Texas Instruments Incorporated 
provided by Tl, directly or indirectly, are not b, 
warranted by Tl as fully representing all of the TE vis 


specifications and operating characteristics of the 
semiconductor product to which the model relates. INST RUM ENTS 


POST OFFICE BOX 655303 + DALLAS, TEXAS 75265 


317 


LT1001 
OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


@ Low Input Offset Voltage: e Low Supply Voltage Rejection Ratio: 
LT1001AM ... 15 uV Max LT1001AM, LT1001AC ... 110 dB Min 
LT1001AC ... 25 V Max LT1001M, LT1001C ... 106 dB Min 
LT1001M, LT1001C ... 60 nV Max © Low Power Dissipation: 

@ Low Offset Voltage Temperature Coefficient: LT1001AM, LT1001AC ... 75 mW Max 
LT1001AM, LT1001AC ... 0.6 wV/°C Max LT1001M, LT1001C ... 80 mW Max 
RN Senet Er os ENE ee e Low Peak-to-Peak Equivalent Input Noise 

@ Low Input Bias Current: Voltage ... 0.3 nV Typ 
LT1001AM, LT1001AC ... +2 nA Max 
LT1001M, LT1001C ... +4nA Max 

e Low Common-Mode Rejection Ratio: 


LT1001AM, LT1001AC ... 114 dB Min 
LT1001M, LT1001C ... 110 dB Min 


macromodel — applies to LT1001, LT1001A 


.subckt LT1001 2.3 ¢ 5 
* 

cl 11 12 3.822E-12 

c2 6 7 15.00E-12 

dc 5 53 dx 


3 


‘o) de 54 5 dx 
so} dlp 90 91 dx 
i) din 92 90 dx 
0 dp 4 3 dx 
ore egnd 99 0 poly(2) (3,0) (4,0) 0 .5 .5 
= fb 7 99 poly(5) vb vc ve vlp vln 0 117.9E6 -100E6 100E6 100E6 -100E6 
0) ga 6 011 12 84.81E-6 
mre gem 0 610 99 21.25E-12 
> iee 10 4 de 3.751E-6 
= hlim 90 0 vlim 1K 
soe = eee Ree ake Bc 
=a q2 12 114 qx 
@O r2 6 9 100.0E3 
ig rel 311 13.26E3 
<= rco2. 3:12: 13.26E3 
® ei. 23 -10.~-532.7 
© re2 14 10 -532.7 
2) ree 10 99 53.32E6 
3 rol 8 5 90 
y ro2. 7 99 90 
© rp 3 4 19.6153 
n vb 9 0dc0 
vc 3 53 dc 1.700 
ve 54 4 dc 1.700 
viamn- 7: 8 de 6 
wim 1 --0-derso 
vin 0 92 de 30 
model dx D(Is=800.0E-18) 
.model qx NPN(Is=800.0E-18 Bf=3.750E3) 
.ends 
Macromodels, simulation models, or other models * Copyright © 1990, Texas Instruments Incorporated 
provided by Tl, directly or indirectly, are not f, 
warranted by Tl as fully representing all of the 4s 


3-18 specifications and operating characteristics of the 


semiconductor product to which the model relates. INSTRU M ENTS 


POST OFFICE BOX 655303 » DALLAS, TEXAS 75265 


LT1007 
OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


@ Maximum Equivalent Input Noise Voltage: e Input Offset Voltage ... 60 u.V Max 
3.8 nV/VHz at 1 kHz 
4.5 nV/VHz at 10 Hz 


e Low Peak-to-Peak Equivalent Input Noise 
Voltage ... 60 nV Typ from 0.1 Hz to 10 Hz 


e Average Temperature Coefficient of Input 
Offset Voltage ... 1 wV/°C Max 


e Common-Mode Rejection Ratio ... 


110 dB Min 
e Slew Rate ... 2.5 V/s Typ 
e Differential Voltage Amplification: 
5 V/uV Min, Ry = 2 kQ 
3.5 V/uV Min, Ri = 600 2 
macromodel — applies to LT1007, LT1007A 
.subckt LT1007 12345 
* 
cl 11 12 3.498E-12 
c2 6 7 15.00E-12 
dc 5 °53.-dx 
de 54 5 dx 
dlp 90 91 dx ; 3 
din 92 90 dx 
dp 4 3 dx 
egnd 99 0 poly(2) (3,0) (4,0) 0 .5 .5 
fb 7 99 poly(5) vb vc ve vip vin 0 241.1E6 -200E6 200E6 200E6 -200E6 
ga 6 01112 800.1E-6 
gcm 0 6 10 99 212.5E-12 
iee 10 4 de 37.53E-6 
hlim 90 O vlim 1K 
ab 4-2 1S ee 
ae 32.4 16h ox 


r2 6 9 100.0E3 
Fel Si Ei Ss26nS 
rc2 3 12 1.326E3 
rel 13 10 -53.24 
re2 1410 -53.24 
ree 10 99 5.329E6 


a 
® 
xe. 
° 
= 
2) 
am 
o 
© 
= 
hewn 
® 
r= 
ro 
= 
<f 
© 
~ 
fe) 
© 
Ben 
© 
2. 
@) 


rol 6s 426 

ro2 7 99 110 

rp 3 4 11.41E3 

vb 9 Odc 0 

ve 3°53: de-2.200 

ve 54 4 dc 2.200 

viim 7 -8 dc -0 

vip ..91..-0 de 30 

vin 0 92 de 30 
-model dx D(Is=800.0E-18) 
.model qx NPN(Is=800.0E-18 Bf=1.250E3) 
.ends 


Macromodels, simulation models, or other models Copyright © 1990, Texas Instruments Incorporated 


provided by Tl, directly or indirectly, are not jj 
warranted by TI as fully representing all of the TE 


specifications and operating characteristics of the 
semiconductor product to which the model relates. | NST RUMENTS 
POST OFFICE BOX 655303 « DALLAS, TEXAS 75265 


3-19 


LT1008 
OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


e Input Bias Current ... +30 pA Typ, e Common-Mode Rejection Ratio ... 
+100 pA Max at 25°C 114 dB Min at 25°C 
@ Input Offset Voltage ... 30 nV Typ, @ High Voltage Amplification with 5-mA Load 
120 nV Max at 25°C Current 
e Offset Voltage Temperature Coefficient ... e Applications: 
1.5 wV/°C Max Precision Instrumentation 
ae : Charge Integrators 
: = . sR sc : rg alee eenage. «a ey Wide-Dynamic-Range Logarithmic 
: Amplifiers 
@ Low Supply Current ... 380 LA Typ, Light Meters 
600 A Max at 25°C Low-Frequency Active Filters 


ea Standard Cell Buffers 
@ Supply Voltage Rejection Ratio ... af 
114 dB Min at 25°C Thermocouple Amplifiers 
macromodel — applies to LT1008 
.subckt LT1008 a aay a RY ae «ee 


* 


3 cl 11 12 6.887E-12 
dc 5 53'-de 
de o4 : -§°dx 
oO dlp 90 91 dx 
O din 92 90 dx 
@ dp a3: ax 
0 egnd 99 0 poly(2) (3,0) (4,0) 0.5.5 
28 fb 7 99 poly(5) vb ve ve vip vin 0 141.5E6 -100E6 100E6 100E6 -100E6 
‘ ga 6.0: EL: 12-.115. .18=6 
re¥) gcm 0 610 99 15.98E-12 
ee iee 10 4 dc 6.000E-6 
> hlim 90 0 vlim 1K 
= qi 11 213 qx 
soo 2 eA Oe ae 
= r2 6 9 100.0E3 
OD rel 3 11 8.84153 
‘iy re2. 3:12 8.841E3 
<= rel 13 10 219.5 
© re2 1410 219.5 
e ree 10 99 33.33E6 
© rol 8.5425 
3 ro2 7 99 125 
a rp 3 4 80.2153 
oO vb o.- O:4e6 
Ty ve 3.53 de 1.600 
ve 54 4 dc 1.600 
vViim> 7 -8 de-90 
vip-~91- 0 -de 8 
vin 0 92 dc 8 
-model dx D(Is=800.0E-18) 
.-model qx NPN(Is=800.0E-18 Bf=100.0E3) 
.ends 
Macromodels, simulation models, or other models < Copyright © 1990, Texas Instruments Incorporated 
provided by Tl, directly or indirectly, are not j, 
warranted by Tl as fully representing all of the ai 


3-20 specifications and operating characteristics of the 


semiconductor product to which the model relates. INSTRUMENTS 


POST OFFICE BOX 655303 * DALLAS, TEXAS 75265 


171012 
OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


e Internally Compensated e Peak-to-Peak Noise Voltage ... 
e Input Offset Voltage: 0.5 nV Typ at f = 0.1 Hz to 10 Hz 


LT1012M ... 35 nV Max @ Low Supply Current ... 600 nA Max 
LT1012C ... 50 WV Max e CMRR ... 114dB Min (LT1012M) 

e Input Bias Current (LT1012M): ; 
100 pA Max at 25°C @e ksypr --- 114 dB Min (LT1012M) 
600 pA Max from — 55°C to 125°C @ 5-mA Load Current with Voltage Gain of 


® ayio --- 1.5 uV/°C Max 200,000 Min (LT1012M) 


macromodel — applies to LT1012 


.subckt LT1012 422. 3-¢°5 
* 

el 11 12 6.887E-12 

c2 6 7 30.00E-12 


de 5 53 dx 
de 54: 5d 
dlp 90 91 dx 
din 92 90 dx 3 
dp 4 3 dx 


egnd 99 0O poly(2) (3,0) (4,0) 0 .5 .5 


fb 7 99 poly(5) vb ve ve vip vin 0 108.8E6 -100E6 100E6 100E6 -100E6 
ga 6. 0-2) 12.122 :5E-6 
gcm 0: 6 10799) 17. 318-12 
iee 10 4 de 6.000E-6 
hlim 90 O vlim 1K 
ql fi 2 Soe 
1 


rel 3 11 8.161E3 
rc2 3 12 8.161E3 
rel 13 10 -460.6 
re2 1410 -460.6 
ree 10 99 33.33E6 
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rol 8 -5 150 

ro2 7 99 150 

rp 3 4 80.21E3 
vb 9 0Odc 0 

ve 3: $3. de. Tt. 600 
ve 54 4 dc 1.600 
vlim 7 8 dc 0 
Wie Sy 0 ge"'is 
vin 0 92 de 15 

dx 


D (Is=800.0E-18) 
.model qx NPN(Is=800.0E-18 Bf=100.0E3) 


Macromodels, simulation models, or other models Copyright © 1990, Texas Instruments Incorporated 


provided by Ti, directly or indirectly, are not j 
ph by Tl he fully reecosentss all # - TEXAS 
specifications and operating characteristics of the 
semiconductor product to which the model relates. INST RUMENTS 
POST OFFICE BOX 655303 » DALLAS, TEXAS 75265 
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sjapowosoeyy sayydwy jeuoneiodg 


LT1013 
OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


@ Single-Supply Operation: e High Gain ... 1.5 V/uV Min (RL = 2 kQ), 
input Voltage Range Extends to Ground 0.8 V/uV Min (Ri = 600 2) for LT1013A 
Output Swings to Ground While Sinking | © Low Supply Current 0.5 mA Max 
pice at 25°C for LT1013A 

: ally Sersaneee Hen 10 hee @ Low Peak-to-Peak Noise Voltage 

at 25°C for LT101 rotet 
0.55 nV Typ 

e Offset Voltage Temperature Coefficient ... : 

2 uV/°C Max for LT1013A e Low Current Noise ... 0.07 pA/VHz Typ 

e input Offset Current ... 0.8 nA Max 


at 25°C for LT1013A 


macromodel — applies to LT1013, LT1013A, LT1013D 


-subckt LT1013 12345. 
* 

cl 11 12 6.495E-12 

c2 6 7 20.00E-12 


de 5 53 dx 
de 54 5 dx 
dlp 90 91 dx 
din 92 90 dx 
dp 4 3 dx 


egnd 99 0O poly(2) (3,0) (4,0) 0 .5 .5 
fb 7 99 poly(5) vb ve ve vlp vin 0 3.865E9 -4E9 4E9 4E9 -4E9 
ga 6 011 12 87.97E-6 

gem 0 610 99 98.71E-12 

iee 3 10 de 8.030E-6 

hlim 90 O vlim 1K 

ql Li. 233 oe 

q2 eee oe fee 

£2 6 9 100.0E3 

rel ree on Ma Be ee We). 

rc2 E12. Lk Stee 

rel 13 10 4.883E3 

re2 1410 4.883E3 

ree 10 99 24.91E6 


rol 5 Son 
ro2 7 39 25 
rp 3: 4°33. 7283 
vb 9: 0..de 0 
ve 3./S3 de 1:,.600 
ve 54 4 dc 1.600 
Vio. 2: 28-8630 
Si: S92 0. de 25 
vin 0 92 dc 25 
model dx D(Is=800.0E-18) 
.model qx PNP (Is=800.0E-18 Bf=266.7) 
ends 
Macromodels, simulation models, or other models — Copyright © 1990, Texas Instruments Incorporated 
provided by Tl, directly or indirectly, are not 4s 
ICC CRE en Texas 


semiconductor product to which the model relates. INST RUMENTS 


POST OFFICE BOX 655303 * DALLAS, TEXAS 75265 


1028 
OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


e Very Low Input Noise Voltage ... e Offset Voltage Temperature Coefficient ... 
1.1 nV/VHz Max, 0.85 nV/VHz Typ at 1 kHz 0.8 wV/°C Max for LT1028AM, LT1028AC 
for LT1028AM, LT1028AC ae % 

e Applications: 

@ Low Peak-to-Peak Input Noise Voltage ... Low-Noise Frequency Synthesizers 

35 nV Typ atf = 0.1 Hz to 10 Hz High-Quality Audio 


@ Noise Voltage and Current 100% Tested eae eeenors at 
Accelerometer and Gyro Amplifiers 


@ Gain-Bandwidth Product ... 50 MHz Min 350-Q Bridge Signal Conditioning 
© Slew Rate ... 11 V/us Min Magnetic Search Coil Amplifiers 


Hydrophone Amplifiers 
@ Input Offset Voltage ... 40 nV Max 
at 25°C for LT1028AM, LT1028AC 


macromodel — applies to LT1028, LT1028A 


.subckt LT1028 4 2-3 4:5 
* 

cl 11 12 168.4E-12 

c2 6 7 30.00E-12 


dc 5 53 dx 3 
de 54 5 dx 
dlp 90 91 dx 
dln 92 90 dx 
dp 4 3 dx 


egnd 99 0O poly(2) (3,0) (4,0) 0 .5 .5 


fb 7 99 poly(5) vb vc ve vlp vin 0 61.89E6 -60E6 60E6 60E6 -60E6 

ga 6 011 12 14.14E-3 ) 
gcm 0-- 610-99 3.9852-9 

iee 10 4 de 450.1E-6 

hlim 90 O vlim 1K 
ql po He pe SC Se 

q2 £2. 3.7.14, 70% 


r2 6 9 100.0E3 
rel 3: 24--70:..73 
rc2 3 2-76, 73 
rel 1310 -44.22 
re2 1410 -44.22 
ree 10 99 444.4E3 
rol Sy, 5- 40 


Operational Amplifier Macromodels 


ro2 7 99 40 

rp 3 4 4.196E3 
vb 9-0 de 0 

vc 3'-53-de 2.700 
ve 54 4 dec 2.700 
vlim 7 8 dec 0 

Vip $1 -0-de 30 


vin 0 92 de 30 
.model dx D(Is=800.0E-18) 
.model qx NPN(Is=800.0E-18 Bf=7.500E3) 


.ends 
Macromodels, simulation models, or other models < Copyright © 1990, Texas Instruments Incorporated 
provided by Tl, directly or indirectly, are not i 
warranted by TI as fully representing all of the TI 


specifications and operating. characteristics of the 3-23 
semiconductor product to which the model relates. INST RUMENTS 
: POST OFFICE BOX 655308 + DALLAS, TEXAS 75265 


L11037 
OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


e Maximum Equivalent Input Noise Voltage: e High Voltage Amplification: 
3.8 nV/VHz at 1 kHz 7 V/wV Min, Ry = 2kQ 
4.5 nV/VHz at 10 Hz 3 V/uV Min, Ry = 600 Q 
e@ Low Peak-to-Peak Equivalent Input Noise e Low Input Offset Voltage ... 25 u.V Max 
Voltage ... 60 nV Typ from 0.1 Hz to 10 Hz © Low Input Offset Voltage Temperature 
e Slew Rate ... 11 V/us Min for LT1037 and Coefficient ... 0.6 wV/°C Max 
LT1037A 


@e Common-Mode Rejection Ratio ... 
117 dB Min 


macromodel — applies to LT1037, LT1037A 


.subckt LT1037 cae 4) 5 
* 

cl 11 12° 16.4938 -12 

c2 6 7 12.00E-12 


dc 5:53 dx 
de 54 5 dx 
dlp 90 91 dx 
3 din 92 90 dx 
dp 4 3 dx 


egnd 99 0 poly(2) (3,0) (4,0) 0 .5 .5 


fb 7 99 poly(5) vb ve ve vlp vin 0 126.3E6 -100E6 100E6 100E6 -100E6 
ga 6 01112 4.524E-3 

gcm 0 6 10 99 1.275E-9 

iee 10 4 de 180.0E-6 

hlim 90 O vlim 1K 

ql Li + 2 TS ae 

q2 Ste’ age 2 


rel 13 10 -66.35 
re2 1410 -66.35 
ree 10 99 1.111E6 
rol B2"5-35 


ro2 99 35 

rp 3. “4 32231383 
vb 9 0Odc 0 

ve 3 53 de 2.200 
ve 54 4dc 2.200 
viim 7 8 de 0 

Vip ---9$1:..-0-de 25 


O 
5°) 
@ 
= 
© 
ey. 
2) 
a 
> 
> 
: 
3 
= 
@ 
=| 
= 
pe) 
'?) 
=] 
‘e) 
3 
© 
28 
O 
7) 


vin 0 92 de 25 
.model dx D(Is=800.0E-18) 
.model qx NPN(Is=800.0E-18 Bf=6.000E3) 
.ends 


Macromodels, simulation models, or other models 


ie tit be oes or indirectly, ine _ Ti wis 
warranted by Tl as fully representing all of the 
3-24 specifications and operating charactaidies of the EXAS 


semiconductor product to which the model relates. INST RU M ENTS 


POST OFFICE BOX 655303 » DALLAS, TEXAS 75265 


Copyright © 1990, Texas Instruments Incorporated 


i LTC1052 
OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


Input Offset Voltage ... 5 uV Max at 25°C 


e Temperature Coefficient of Input Offset 
Voltage ... 0.01 pV/°C Typ e Supply Voltage Rejection Ratio Over Full 
Temperature Range ... 120 dB Min 


Common-Mode Rejection Ratio Over Full 
Temperature Range ... 120 dB Min 


e Long-Term Drift of Input Offset Voltage ... 
100 nV/mo Typ @ Single-Supply Operation from 4.75 V to 16 V 


e Input Bias Current ... 30 pA Max at 25°C (Input Voltage Range Extends to Ground) 


e Differential Voltage Amplification Over Full 
Temperature Range ... 120 dB Min 


e External Capacitors Can Be Returned to 
Vpp-— with No Noise Degradation 


macromodel — applies to LTC1052, LTC7652 


-subckt. LITCLO52 ..1:-2.-3.4 5 
* 

cl 11 12 4.354E-12 

c2 6°‘ 7-15: 002-12 

css 10 99 1.607E-12 


dc 5 53 dx 
de 54 5 dx 
dlp 90 91 dx 3 
din 92 90 dx 
dp 4 3 dx 


egnd 99 0O poly(2) (3,0) (4,0) 0 .5 .5 
fb 7 99 poly(5) vb ve ve vlp vin 0 1.070E9 -1E9 1E9 1E9 -1E9 
ga 6 011.12 179.1E-6 
gcm 0 610 99 17.91E-12 
iss 3 10 de 46.50E-6 
hlim 90 O vlim 1K 
j1 tl 2.10 3x 
1 


Operational Amplifier Macromodels 


42 12 10 45x 

£2 6 9 100.0E3 

rdl 411 5.584E3 

rd2 412 5.584E3 

rol 8. §- 165 

ro2 7 99 165 

rp 3 4 6.667E3 

rss 10 99 4.301E6 

vb 90: ded 

ve ec Sr a 

ve 54. 4-de <8 

Vilim-.7.--8°de-0 

Vip. 9t...0:.de.3 

vin 0 92 dc 3 
-model dx D(Is=800.0E-18) 
.model jx PJF(Is=2.000E-12 Beta=500E-6 Vto=0.05) 
.ends 


provided by Tl, directly or indirectly, are not 
warranted by TI as fully representing all of the 
specifications and operating characteristics of the 


semiconductor product to which the model relates. IN ST RU M ENTS 


POST OFFICE BOX 655303 » DALLAS, TEXAS 75265 


Macromodels, simulation models, or other models Ri Copyright © 1990, Texas Instruments Incorporated 


3-25 


MC1458 
OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


@ Short-Circuit Protection e Low Power Consumption 
e Wide Common-Mode and Differential Voltage e No Latch-Up 

Eanes e Designed to be interchangeable with Motorola 
e No Frequency Compensation Required MC1558/MC1458 and Signetics $5558/N5558 


macromodel — applies to MC1458, MC1558 
.subckt MC1458 12°34 '5 


* 
cl 11 12 4.664E-12 
CZ 6. <7 -20.0028-12 


de 5 53 dx 
de 54 5 dx 
dlp 90 91 dx 
dln 92 90 dx 
dp 4 3 dx 


egnd 99 0 poly(2) (3,0) (4,0) 0.5.5 


fb 7 99 poly(5) vb vc ve vlp vin 0 10.61E6 -10E6 10E6 10E6 -10E6 
ga 6.0 i2-32:-137.7E-6 

3 gem. -.0- 6/10 99 2.574E-9 
iee 10 4 de 10.16E-6 
hlim 90 0O vlim 1K 

O qi 11 2 13 qx 

= q2 12 114 qx 

= r2 6 9 100.0E3 

2 rel 3 11 7.957E3 

oe gee. 3°12 7095788 

= rel 13 10 2.740E3 

2 re2 14 10 2.740E3 

> ree 10 99 19.69E6 

3 rol 8 35 250 

oF ro2 7 99 150 

oe rp 3 4 18.1153 

= vb 9 0 dc 0 

@ ve 353 de 2.600 

= ve 54 4 de 2.600 

D wim ~7-8 -de-0 

ro) Wis = Si O1ae-25 

= vin 0 92 de 25 

= -model dx D(Is=800.0E-18) 

ro) .model qx NPN(Is=800.0E-18 Bf=62.50) 

— .ends 

vy 


Macromodels, simulation models, or other models 


Eeeee *s Bs ea or indirectly, we an Ti va 
warranted by TI as fully representing all of the 
3-26 _ specifications and operating characteristics of the EXAS 


semiconductor product to which the model relates. INSTRUM ENTS 


POST OFFICE BOX 655303 » DALLAS, TEXAS 75265 


Copyright © 1990, Texas Instruments Incorporated 


7 MC3403 
OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


e Wide Range of Supply Voltages: e Low Input Bias Current 
Single Supply ... 3Vto 36 V 
or Dual Supplies 


e Class AB Output Stage 
e True Differential Input Stage 


e Internal Frequency Compensation 

e Short-Circuit Protection 

@ Designed to be Interchangeable with Motorola 
MC3303, MC3403 

macromodel — applies to MC3303, MC3403 


.subckt MC3403 ie ee ee 
* 

cl 11 12 7.544E-12 

c2 6 7 20.00E-12 


de 5 53 dx 
de 54 5 dx 
dlp 90 91 dx 
din 92 90 dx 
dp 4 3 dx 


egnd 99 0O poly(2) (3,0) (4,0) 0 .5 .5 
fb 7 99 poly(5) vb vc ve vip vin 0 42.44E6 -40E6 40E6 40E6 -40E6 
ga 6 ©.It 12 130. 78-6 

gcm 0 610 99 2.235E-9 

iee 3 10 de 12.40E-6 

hlim 90 0O vlim 1K 

ql Li .2 13 qx 

q2 2° 1 14 'ox 

r2 6 9 100.0E3 

rol 411 7.957E3 

rc2 412 7.957E3 

¥ei-- 13°10: 3-52983 

re2 14 10 3.529E3 

ree 10 99 16.13E6 


3 


Operational Amplifier Macromodels 


rol 8. S737 230 
ro2 7 99 37.50 
rp 3 4 43.6253 
vb 9-0 -ae-0 
ve 3 53 de 2.600 
ve 54 4dc 2.600 
vlim 7 8 dc 0 
Wa. 91 --0)-de, 30 
vin 0 92 de 30 
.model dx D(Is=800.0E-18) 
.model qx PNP (Is=800.0E-18 Bf=30) 
.ends 
Macromodels, simulation models, or other models Z Copyright © 1990, Texas Instruments incorporated 
provided by Tl, directly or indirectly, are not y} 
warranted by TI as fully representing all of the TEXAS Hi 


specifications and operating characteristics of the 3-27 
semiconductor product to which the mode! relates. INST RUMENTS 
POST OFFICE BOX 655303 - DALLAS, TEXAS 75265 
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NE5534 


JANUARY 1990 


OPERATIONAL AMPLIFIER MACROMODEL 


e Equivalent Input Noise Voltage ... e High Slew Rate ... 13 V/us Typ 
3.5 nV/VHz Typ @ Wide Supply Voltage Range ... 
@ Unity-Gain Bandwidth ... 10 MHz Typ +3 Vto+20V 
e Common-Mode Rejection Ratio ... @ Low Harmonic Distortion 
100 dB Typ 


@ Designed to be Interchangeable with Signetics 


@ High DC Voitage Gain ... 100 V/mV Typ SE5534, SE5534A, NE5534, and NE5534A 


e Peak-to-Peak Output Voltage Swing ... 
32 V Typ with Voc+ = +18 Vand 
Ry_ = 600 Q 


macromodel — applies to NE5532, NE5532A, NE5534, NE5534A, SE5534, SE5534A 
.subckt NE5534 1234567 


* 


3-28 


rot f Ti 12 7..103E=-i2 
dc 5 535 Ox 
de 54 5 dx 
dlp 90 91 dx 
din 92 90 dx 
dp 4 3 dx 
egnd 99 0O poly(2) (3,0) (4,0) 0 .5 .5 
fb 7 99 poly(5) vb vc ve vlp vin 0 2.893E6 -3E6 3E6 3E6 -3E6 
ga 6s 0.12 i232 a82er3 
gcm 0 610 99 13.82E-9 
iee 10 4 dec 133.0E-6 
hlim 90 0O vlim 1K 
ql US 2 L3oe 
q2 i2.: -1.-14-@x 
r2 6 9 100.0E3 
rel ie Oo ilies fs. 
rc2 3 42 A243 5 
rel 13 10 329 
re2 14 10 329 
ree 10 99 1.504E6 
rol 6.5 50 
ro2 7 99 25 
rp 3° 4-7. 75TE3 
vb 9 0dc 0 
ve 3-53 dc. 2.760 
ve 54 4 dc 2.700 
viin. 7. =<3-da 0 
vip SL :0-de..38 
vin 0 92 de 38 
-model dx D(Is=800.0E-18) 
.model qx NPN(Is=800.0E-18 Bf=132) 
.ends 
Macromodels, simulation models, or other models P Copyright © 1990, Texas Instruments Incorporated 
provided by Tl, directly or indirectly, are not y} 
warranted by TI as fully representing all of the TEXAS 4 


specifications and operating characteristics of the 


semiconductor product to which the model relates. IN STRU M ENTS 


POST OFFICE BOX 655303 » DALLAS, TEXAS 75265 


OP-07C 
OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


Input Offset Voltage ... 60 nV Typ @ Single-Chip Monolithic Fabrication 

@ Temperature Coefficient of Input Offset @ Wide Input Voltage Range ... 0to +14V Typ 
Voltage ... 0.5 uV/°C Typ @ Wide Supply Voltage Range ... 

e Ultralow Noise +3Vto+18V 

e No External Components Required e Essentially Equivalent to Fairchild 1A714 


e Lower Cost Replacement for Chopper Operational Amplifiers 


Amplifiers e Direct Replacement for PMI OP-07C 


macromodel — applies to OP-07C 
.subckt OP-07C 1-23-45 
* 


oi Lt 12-2. 8872-12 
c2 6. 2330: 0OOE-i12 


de 5 53 dx 
de 54 5 dx 
dlp 90 91 dx 
din 92 90 dx 
dp 4 3 dx 3 


egnd 99 0O poly(2) (3,0) (4,0) 0 .5 .5 


fb 7 99 poly(5) vb vc ve vip vin 0 147.3E6 -100E6 100E6 100E6 -100E6 
ga 6-0 11: 12.253. 1E-6 

gom 0 610 99 56.69E-12 

iee 10 4 dec 7.501E-6 

hlim 90 O vlim 1K 

ql ees ed Oe 

q2 12.1 -14 qx 


r2 6 9 100.0E3 
rel 3 11 8.841E3 
re2 3 12 8.841E3 
rel 13 10 1.943E3 
re2 1410 1.943E3 
ree i0 99 26.66E6 
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rol $= 35 30 

ro2 7 99 30 

rp 3 4 12.04E3 

vb 9 0 dc 0 

ve 3 53 de 2.900 

ve 54 4 dec 2.900 

vlim~ 7 8 de.0 

vip. 91°06. de 20 

vin 0 92 de 20 
-model dx D(Is=800.0E-18) 
.model qx NPN(Is=800.0E-18 Bf=5.357E3) 
.ends 


Macromodels, simulation models, or other models 
provided by Tl, directly or indirectly, are not 


warranted by TI as fully representing all of the TEXAS ais 3-29 


specifications and operating characteristics of the 


semiconductor product to which the model relates. INST RUM ENTS 


POST OFFICE BOX 655303 » DALLAS, TEXAS 75265 


Copyright © 1990, Texas Instruments Incorporated 


OP-07D 
. OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


e Input Offset Voltage ... 60 nV Typ @ Single-Chip Monolithic Fabrication 

e Temperature Coefficient of Input Offset e Wide Input Voltage Range ... Oto +14 V Typ 
Wowage ”.... TUNER AYP e Wide Supply Voltage Range ... 

e Ultralow Noise +3Vto +18 V 

e No External Components Required e Essentially Equivalent to Fairchild 1A714 


e Lower Cost Replacement for Chopper Operational Amplifiers 


Amplifiers e Direct Replacement for PMI OP-07D 


macromodel — applies to OP-07D 
.subckt OP-07D 12345 
* 


ci 11 12 6.996E-12 
c2 6 7. 30..00E-12 


dc 5 53 dx 
de 54 5 dx 
dlp 90 91 dx 
din 92 90 dx 
dp 4 3 dx 


egnd 99 0 poly(2). (3,0) (4,0) 0 .6 .5 


fb 7 99 poly(5) vb vce ve vlp vin 0 115.9E6 -100E6 100E6 100E6 -100E6 
ga 6-0 ib-i2 115 -08-6 

gcm 0 610 99 204.5E-12 

iee 10 4 de 9.004E-6 

hlim 90 O vlim 1K 

ql je epee ACV 

q2 12 1 14-q=x 


r2 6 9 100.0E3 

rel 3 11 8.696E3 

rc2 3 12 8.696E3 

rel 13 10 2.947E3 

re2 1410 2.947E3 

ree 10 99 22.21E6 

rol Ss 5230 

roz 7:99 31/2 

rp 3. -4-11:2985 

vb 9 0 de 0 

vc 3 53 de 2.800 

ve 54 A de.2.800 

Viim- Tt: 8 Vde-o 

wip 91° 0 de 20 

vin 0 92 de 20 
-model dx D(Is=800.0E-18) 
.model qx NPN(Is=800.0E-18 Bf=2.250E3) 
.ends 
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Macromodels, simulation models, or other models 


enti Ls ap or indirectly, he - Ti vi 
warranted by TI as fully representing all of the 
3-30 specifications and operating characteristics of the EXAS 


semiconductor product to which the model relates. INSTRUM ENTS 


POST OFFICE BOX 655303 » DALLAS, TEXAS 75265 


Copyright © 1990, Texas Instruments Incorporated 
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OP-07E 
OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


e Ultralow Offset Voltage ... 30 nV Typ @ Single-Chip Monolithic Fabrication 

@ Ultralow Offset Voltage Temperature e Wide Input Voltage Range ... 0to +14 V Typ 
Coefficient ... 0.3 nV/°C Typ © Wide Supply Voltage Range ... 

e@ Ultralow Noise +3Vto +18 V 

@ No External Components Required e Essentially Equivalent to Fairchild A714 


@ Lower Cost Replacement for Chopper Gpstalenaennip ters 


Amplifiers e Direct Replacement for PMI OP-07E 


macromodel — applies to OP-07E 
.subckt OP-0O7E 7 Se Se. SS Ae 


* 
cl 11 12 2.887E-12 
c2 § - 7-30 .00B-i2 


dc 5 53 dx 
de 54 5 dx 
dlp 90 91 dx 
din 92 90 dx 
dp 4 3 dx 3 


egnd 99 0O poly(2) (3,0) (4,0) 0 .5 .5 


fb 7 99 poly(5) vb vc ve vlp vin 0 147.3E6 -100E6 100E6 100E6 -100E6 
ga 6.0 -1i-12 123 -2E-6 

gcm 0 610 99 56.69E-12 

iee 10 4 dc 7.501E-6 

hlim 90 0O vlim 1K 

ql $2>* 32.23 ex 

q2 ta <3 6x 


r2 6 9 100.0E3 
rel 3 11 8.841E3 
rc2 3 12 8.841E3 
rel 13 10 1.943E3 
re2 14 10 1.943E3 
ree 10 99 26.66E6 
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rol 8 5: 30 

ro2 7 99 30 

rp 3 4 12.04E3 

vb 9 0dce 0 

ve 3 53 de 2.900 

ve 54 4dc 2.900 

vlim 7: 8-de.0 

vlp 91 0 dec 20 

vin 0 92 de 20 
.-model dx D(Is=800.0E-18) 
.model qx NPN(Is=800.0E-18 Bf=5.357E3) 
.ends 


Macromodels, simulation models, or other models 


provided by Tl, directly or indirectly, are not j 
warranted by Ti as fully representing all of the TEXAS 
specifications and operating characteristics of the 


semiconductor product to which the model relates. INST RUMENTS 


POST OFFICE BOX 655303 * DALLAS, TEXAS 75265 
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OP-27C 
OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


e Direct Replacement for PMi and LTC @ Very Low Peak-to-Peak Noise Voltage ... 
OP-27 Series 


@ Maximum Equivalent Input Noise Voltage: e Input Offset Voltage ... 100 nV Max 


4.5 nV/VHz at 1 kHz 
8 nV/VHz at 10 Hz 


90 nV Typ at 0.1 Hz to 10 Hz 


e High Voltage Amplification ... 700 V/mV Min 


macromodel — applies to OP-27A, OP-27C 


.subckt OP-27C £27349 
* 
ei iL 12° 2°739E-12 
c2 6.7.75 :QGE=22 
dc > a5 Os 
de 54 5 dx 
dip 90 91 dx 
din 92 90 dx 
dp 4 3 dx 
egnd 99 0 poly(2) (3,0) (4,0) 0 .5 .5 


fb 7 99 poly(5) vb vc ve vip vln 0 22.86E6 -20E6 20E6 20E6 -20E6 
3 ga 6 0 11 12 852.1E-6 

gem 0 6 10 99 754.1E-12 

iee 10 4dc 42.03E-6 
oO hlim 90 O vlim 1K 
6 wi 24 - Fs ae 
@ q2 12 114 qx 
pe) r2 6 9 100.0E3 
S rel 3 11 1.326E3 
o roe2. 3 12 1.32653 
rat) rel 13 10 94.44 
ay re2 14 10 94.44 
> ree 10 99 4.759E6 
=| rol 8 5 88 
soz ro2. 7 99 87 
= ep 223. 410.1483 
@ vb 9 0 dc 0 

vc 3 53 de 2.200 
<= ve 54 4 de 2.200 
o> vlim 7 8dc0 
© Tin “$1 0. de 4g 
O vin 0 92 de 40 
3 -model dx D(Is=800.0E-18) 
4 -model qx NPN(Is=800.0E-18 Bf=1.400E3) 
>) .ends 
7 

Macromodels, simulation models, or other models 3 Copyright © 1990, Texas Instruments Incorporated 
provided by Tl, directly or indirectly, are not Hi 

Go spectications ond epecitiog eheecter sites of the TEXAS 


semiconductor product to which the model relates. INST RUMENTS 


POST OFFICE BOX 655303 » DALLAS, TEXAS 75265 


OP-27E 


OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


e Direct Replacement for PMI and LTC @ Very Low Peak-to-Peak Noise Voltage ... 
OP-27 Series 80 nV Typ at 0.1 Hz to 10 Hz 
@ Maximum Equivaient Input Noise Voltage: e Low Input Offset Voltage ... 25 w.V Max 


3.8 nV/VHz at 1 kHz 
5.5 nV/VHz at 10 Hz 


macromodel — applies to OP-27E 


e High Voltage Amplification ... 1 V/uV Min 


a 


Operational Amplifier Macromodels 


.subckt OP-27E Si Ais ao 
* 
ce]. A122. 7308-12 
c2 6 7 15.00E-12 
dc o> 3o*Gs 
de 54 5 dx 
dip 90 91 dx 
din 92 90 dx 
dp 4 3 dx 
egnd 99 0O poly(2) (3,0) (4,0) 0 .5 .5 
fb 7 99 poly(5) vb vc ve vlp vin 0 67.36E6 -70E6 70E6 70E6 -70E6 
ga 6° 0 11: i2-763-5SE-6 
gcm 0 610 99 215.2E-12 
iee 10 4 dc 42.02E-6 
hlim 90 O vlim 1K 
ql a4 2 ae 
q2 Le 2316. at 
r2 6 9 100.0E3 
rel 3.-L1. -1 32083 
rc2 3.12 1.31083 
rel 13 10 78.10 
re2 14 10 78.10 
ree 10 99 4.760E6 
rol S335 
ro2 1: 88-37 
rp 3 4 9.810E3 
vb 9 0O dc 0 
vc 3 S23. de> 4-800 
ve 54 4 dc 1.800 
Vii 7: 8 -ade- 0 
Vin. 81.-0-de-..30 
“win 0 92 de 30 
.-model dx D(Is=800.0E-18) 
.model qx NPN(Is=800.0E-18 Bf=2.100E3) 
.ends 
Macromodels, simulation models, or other models " Copyright © 1990, Texas Instruments Incorporated 
provided by Tl, directly or indirectly, are not y} 
warranted by TI as fully representing all of the TEXAS ai 


specifications and operating characteristics of the 
semiconductor product to which the model relates. 


INSTRUMENTS 
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OP-27G 


OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


e Direct Replacement for PMI and LTC e Very Low Peak-to-Peak Noise Voltage ... 
OP-27 Series 


e Maximum Equivalent Input Noise Voltage: @ Input Offset Voltage ... 100 nV Max 
4.5 nV/VHz at 1 kHz 


8.0 nV/VHz at 10 Hz 


90 nV Typ at 0.1 Hz to 10 Hz 


e High Voltage Amplification ... 700 V/mV Min 


macromodel — applies to OP-27G 


.subckt OP-27G Lie - 34S 
* 
cl 11 12 2.730E-12 
C2 6 7 15.00E-12 
dc § 53 dx 
de 545 dx 
dlp 90 91 dx 
din 92 90 dx 
dp 4.3 Ge 
egnd 99 0O poly(2) (3,0) (4,0) 0 .5 .5 
fb 7 99 poly(5) vb ve ve vlp vin 0 22.86E6 -20E6 20E6 20E6 -20E6 
3 ga 6 011 12 852.1E-6 
gcm 0 610 99 754.1E-12 
iee 10 4 de 42.03E-6 
oe) hlim 90 O vlim 1K 
G ql ii -2 13°an 
@ q2 12-1 14 ae 
0) r2 6 9 100.0E3 
fon rel 3 11 1.326E3 
o re2. 3: 12:1.326E3 
= rel 13 10 94.44 
ma re2 1410 94.44 
> ree 10 99 4.759E6 
3 rol. @-'5 88 
Ze) ro2 7 99 87 
= rp ss 3s 4 «10.1453 
O vb 9 0O dc 0 
a ve 3 53 de 2.200 
<= ve 54 4 de 2.200 
fa) viim 7.8. de-9 
© vip 91 0 de 40 
© vin 0 92 dc 40 
= .model dx D(Is=800.0E-18) 
© .model qx NPN(Is=800.0E-18 Bf=1.400E3) 
= .ends 
vy 
Macromodels, simulation models, or other models x Copyright © 1990, Texas Instruments Incorporated 
provided by Ti, directly or indirectly, are not 4s 
ESA ~ Specttentions apd spereton cnarecteristics of ihe TExas 


semiconductor product to which the model relates. IN STRU M ENTS 


POST OFFICE BOX 655303 + DALLAS, TEXAS 75265 


| OP-37A 
OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


e Direct Replacement for PMI and LTC @ Very Low Peak-to-Peak Noise Voltage ... 
OP-27 Series 80 nV Typ at 0.1 Hz to 10 Hz 
@e Maximum Equivalent Input Noise Voltage: e Low Input Offset Voltage ... 25 u.V Max 


ae OE . Fe e High Voltage Amplification ... 1 V/uV Min 


macromodel — applies to OP-37A, OP-37C, OP-37E, OP-37G 


.subckt OP37A pe ee GA aE 
* 

cs At 42 25, 1668-12 

c2 6 7 30.00E-12 


dc 5: 53)-cx 
de 54: 5 dx 
dlp 90 91 dx 
din 92 90 dx 
dp 4 3 dx 


egnd 99 0 poly(2) (3,0) (4,0) 0.5 .5 


fb 7 99 poly(5) vb vc ve vlp vin 0 5.683E6 -6E6 6E6 6E6 -6E6 
ga 6. 0-11. 12 7.5412-3 
gcm 0 610 99 2.125E-9 
iee 10 4 de 510.0E-6 
hlim 90 0O vlim 1K 
ql ti. 213i oe 
1 


14 qx 
r2 6 9 100.0E3 
rel Sa 21 -132-6 
rc2 SVi2-132.5 
rel 13 10 31.18 
re2 14 10 31.18 
ree 10 99 392.1E3 


rol S535 

ro2 7 99 35 

rp 3 4 12.05E3 

vb 9-0 de 0 

vc 3 53 de 1.900 

ve 54 4 de 1.900 

wim F< Bde/0 

Vip .9i- 0° de’ 30 

vin 0 92 de 30 
-model dx D(Is=800.0E-18) 
.model qx NPN(Is=800.0E-18 Bf=25.50E3) 
.ends 


Macromodels, simulation models, or other models 
provided by Tl, directly or indirectly, are not 


ai 
warranted by Tl as fully representing all of the EXAS 
specifications and operating phatactariics of the | T 
semiconductor product to which the model relates. NST RUMENTS 
POST OFFICE BOX 655303 * DALLAS, TEXAS 75265 


Copyright © 1990, Texas Instruments Incorporated 
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RC4136 
OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


Continuous Short-Circuit Protection e Unity Gain Bandwidth ... 3 MHz Typ 


e@ Wide Common-Mode and Differential e Gain and Phase Match Between Amplifiers 
Voltage Ranges 


e Designed to be Interchangeable with Raytheon 


@e No Frequency Compensation Required RM4136, RV4136, and RC4136 


e Low Power Consumption e LowNoise ... 8nV/VHz Typ at 1 kHz 
e No Latch-Up 


macromodel — applies to RC4136, RM4136, RV4136 
.subckt RC4136 12345 


* 


cl 11 12 2.664E-12 
c2 6 7 20.00E-12 
dc § -S3.-dx 
de 54: -§--ds 
dip 90 91 dx 
din 92 90 dx 
dp 4 3 dx 
3 egnd 99 0O poly(2) (3,0) (4,0) 0 .5 .5 
fb 7 99 poly(5) vb vc ve vip vin 0 6.365E6 -6E6 6E6 6E6 -6E6 
ga 6 01112 418.0E-6 
(e) gem 0 610 99 6.705E-9 
= iee 3 10 dc 34.28E-6 
=% hlim 90 O vlim 1K 
® ql Lia 2S Ge 
roy ee 12 Lota ee 
= £2 6 9 100.0E3 
2 rol 411 2.652E3 
> rce2 412 2.652E3 
3 rel. 13. 10 1.12253 
5 re2 14 10 1.122E3 
— ree 10 99 5.834E6 
sa rol 8 5 125 
@ ro2 7 99 125 
= rp 3 4 24.67E3 
® vb 9 -0-de-o 
Oo vc 3 53 de 2.600 
Ps ve 54 4 dc 2.600 
= Thin. 7. 6-4d3*0 
‘) vis $1): O=de-25 
S). vin 0 92 dc 25 
oO .model dx D(Is=800.0E-18) 
” .model qx PNP (Is=800.0E-18 Bf=121.4) 
.ends 
Macromodels, simulation models, or other models = Copyright © 1990, Texas Instruments Incorporated 
provided by Tl, directly or indirectly, are not 4 
RE cag Em RO TEXAS 


semiconductor product to which the model relates. INST RU M E NTS 


POST OFFICE BOX 655303 » DALLAS, TEXAS 75265 


RC4558 
OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


e Continuous Short-Circuit Protection e Unity Gain Bandwidth ... 3 MHz Typ 
@ Wide Common-Mode and Differential e Gain and Phase Match Between Amplifiers 
Voltage manges e LowNoise ... 8 nV/VHz Typ at 1 kHz 


e Designed to be Interchangeable with Raytheon 
@ Low Power Consumption RM4558, RV4558, and RC4558 


@ No Latch-Up 


e No Frequency Compensation Required 


macromodel — applies to RC4558, RM4558, RV4558 


.subckt RC4558 12°24-5 
* 

cl 11 12 2.664E-12 

2 6 7 20.00E-12 


dc ae Me 
de 54 .5 dx 
dlp 90 91 dx 
dln 92 90 dx 
dp 4 3 dx 


3 


egnd 99 0O poly(2) (3,0) (4,0) 0 .5 .5 
fb 7 99 poly(5) vb ve ve vip vin 0 6.365E6 -6E6 6E6 6E6 -6E6 
ga 6 01112 418.0E-6 

gcm 0 610 99 6.705E-9 

iee 3 10 de 34.28E-6 

hlim 90 O vlim 1K 

ql it 2 23 Ge 

q2 12 114 qx 

r2 6 9 100.0E3 

rel 411 2.652E3 

rc2 412 2.652E3 

rel -23 10 1. 122k3 

re2 1410 1.122E3 

ree 10 99 5.834E6 

rol S25. -225 


ro2 7 99 125 

rp 3 4 24.67E3 
vb 9. .0- de 0 

ve 3°53: adc 2.600 
ve 54 4 dc 2.600 
vlim 7 8 dc 0 

Vis 91 0O-ae- 25 


vin 0-92: de 25 
.model dx D(Is=800.0E-18) 
-model qx PNP (Is=800.0E-18 Bf=121.4) 
.ends 


Operational Amplifier Macromodels 


Macromodels, simulation models, or other models hs 
provided by Ti, directly or indirectly, are not ji, 
warranted by TI as fully representing all of the TEXAS 
specifications and operating characteristics of the | 
semiconductor product to which the model relates. NST RUMENTS 
POST OFFICE BOX 655303 +» DALLAS, TEXAS 75265 


Copyright © 1990, Texas Instruments Incorporated 
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RC4559 
OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


e Matched Gain and Offset Between e No Frequency Compensation Required 
Amplifiers e No Latch-Up 


e Unity-Gain Bandwidth ... 3 MHz Min © Wide Common-Mode Voltage Range 
e Slew Rate ... 1.5 V/us Min 


e Low Equivalent Input Noise Voltage ... 
2 nV/VHz Max (20 Hz to 20 kHz) 


e Low Power Consumption 


e Designed to be Interchangeable with 
Raytheon RC4559 


macromodel — applies to RC4559 
.subckt RC4559 12345 
* 


o1 11 12 3.498E-12 
c2 6 7 15.00E-12 


dc 5 *a23 a2 
de 54 °35- dx 
dip 90 91 dx 
din 92 90 dx 
dp 4. 3° Gx 
3 egnd 99 0 poly(2) (3,0) (4,0) 0 .5 .5 
fb 7 99 poly(5) vb vc ve vlp vin 0 7.233E6 -7E6 7E6 7E6 -7E6 
ga 6 01112 404.0E-6 
O gem 0 610 99 2.120E-9 
a] iee 3 10 de 30.08E-6 
@ hlim 90 0O vlim 1K 
2 qi 11 2 13A qx 
oO q2 42 1-2 oe 
_ r2 6 9 100.0E3 
® rel 4 11 2.65253 
> rc2 4 12 2.652E3 
= res. 120.10 .925.5 
s re2 1410 925.5 
eam ree 10 99 6.649E6 
oat rol 8 5 110 
@ ro2 7 99 110 
= rp 3 4 18.52E3 
vb 9--0 de. 0 
= ve 3:53: de. -2:..600 
Pe ve 54 4 dc 2.600 
3 viim 7 8 de 0 
ro) Tie >: (92.0 de--25 
2. vin 0 92 de 25 
oO .model dx D(Is=800.0E-18) 
7) .model qx PNP (Is=800.0E-18 Bf=375) 
.ends 
Macromodels, simulation models, or other models ~ Copyright © 1990, Texas Instruments Incorporated 
provided by Tl, directly or indirectly, are not 4, 
warranted by TI as fully representing all of the Ti ws 


3-38 specifications and operating characteristics of the 
semiconductor product to which the model relates. INST RUMENTS 
POST OFFICE BOX 655303 + DALLAS, TEXAS 75265 


TLO22C 
OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


@ Very Low Power Consumption e Low Input Offset Voltage 
@ Power Dissipation with + 2-V Supplies ... e Internal Frequency Compensation 
170 pW Typ 


@ Latch-Up-Free Operation 


e Low Input Bias and Offset Currents © Popular Dual Op Amp Pin-Out 


e Output Short-Circuit Protection 
TLO22M IS NOT RECOMMENDED FOR NEW DESIGNS 


macromodel — applies to TLO022M, TLO22C 


.subckt TLO22C de 2 BSS 
* 

cl 11 12 3.498E-12 

c2 6.7.15 -GCE-12 


de 5 53 dx 
de 54 5 dx 
dlp 90 91 dx 
din 92 90 dx 
dp 4 3 dx 


3. 


egnd 99 0O poly(2) (3,0) (4,0) 0 .5 .5 

fb 7 99 poly(5) vb vc ve vip vin 0 1.697E6 -2E6 2E6 2E6 -2E6 
ga 6-0 11°12 47.13E-6 

gcm 0 610 99 6.657E-9 

iee 3 10 de 7.700E-6 

hlim 90 0O vlim 1K 


ql 13-2: i3-oe 
q2 s foe Nee Se > 4 
r2 6 9 100.0E3 
rel 411 21.22E3 


rc2 4 I2 21.2253 
rel 13 10 13.95E3 
re2 1410 13.95E3 
ree 10 99 25.97E6 
rol g §° 125 


ro2 7 99 125 

rp 3 4 245.1E3 

vb 9 0 de 0 

vc 3:53 :.40-2~-600 
ve 54 4 dc 2.600 
vlim. 7. 8.-de 0 

vip 91 .0 dc 6 


vin 0 92 dc 6 
.model dx D(Is=800.0E-18) 
.model qx PNP (Is=800.0E-18 Bf=37.50) 
.ends 


Operational Amplifier Macromodels 


Macromodels, simulation models, or other models = Copyright © 1990, Texas Instruments Incorporated 
provided by Tl, directly or indirectly, are not i] 
warranted by TI as fully representing ail of the TEXAS 
specifications and operating characteristics of the | 3-39 
semiconductor product to which the model relates. NST RUMENTS 

POST OFFICE BOX 655303 + DALLAS, TEXAS 75265 


TLO31 
OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


e Maximum Offset Voltage ... 800 nV e Very Low Power Consumption ... 
e High Slew Rate ... 2.9 V/us Typ 6.5 mW Typ 
e Low Input Bias Current ... 2 pA Typ e Output Short-Circuit Protection 


macromodel — applies to TL031, TLO31A 


.subckt TLO31 12 +4 § 
% 

cl 11 12 3.498E-12 

c2 6 7 15.00E-12 

css 10 99 11.38E-12 


dc 5 53 dx 
de 54 5 dx 
dlp 90 91 dx 
din 92 90 dx 
dp 4 3 dx 


egnd 99 0O poly(2) (3,0) (4,0) 0 .5 .5 
fb 7 99 poly(5) vb vc ve vip vin 0 936.5E3 -900E3 900E3 900E3 -900E3 


ga 6... 0. 21-22 113. 12-6 

3 gcm 0 610 99 2.257E-9 
iss 3 10 de 76.50E-6 
hlim 90 O vlim 1K 

Oo j1 x le Sei” ae 8: Tes 

= lee © ace OE ER. 

Ps r2 6 9 100.0E3 

ot rdl 411 8.841E3 

‘o) rd2 412 8.841E3 

= rol 8 5 135 

F ro2 7-$9S° 135 

> rp 3.-@ 138... 5E3 

= rss 10 99 2.614E6 

ro} vb 9 O dc 0 

= ve 3..53,/de.-2.. 700 

D ve 54 4 dc 1.800 

=~ Wrim 7 3B e090 

= vip 91 0 dc 8 

4) vin 0 92 de 8 

QO .model dx D(Is=800.0E-18) 

Pa model jx PJF(Is=1.000E-12 Beta=140e-6 Vto=-1) 

=| .ends 

© 

ok 

O 
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Macromodels, simulation models, or other models 


pone uf ey or ero is td wt Ti 4 
warranted by TI as fully representing all of the 
3-40 _ specifications and operating characteristics of the EXAS 


semiconductor product to which the model relates. INST RU M ENTS 


POST OFFICE BOX 655303 » DALLAS, TEXAS 75265 


Copyright © 1990, Texas Instruments Incorporated 


~ TLO32 
OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


e Maximum Offset Voltage ... 800 nV e Very Low Power Consumption ... 13 mW Typ 
@ High Slew Rate ... 2.9 V/us Typ @ Output Short-Circuit Protection 
e Low Input Bias Current ... 2pA Typ 


macromodel — applies to TL032, TLO32A 


.subckt TLO32 i 2.3 4°53 
* 

cl 11 12 3.498E-12 

c2 6 7 15.00E-12 

css 10 99 11.38E-12 


de 5 53 dx 
de 54 5 dx 
dlp 90 91 dx 
din 92 90 dx 
dp 4 3 dx 


eqnd ‘99:0: poly (2). (3,0) (4,0) 0:.8 5 

fb 7 99 poly(5) vb ve ve vip vin 0 936.5E3 -900E3 900E3 900E3 -900E3 
ga 6°" 0-22 12-2137 128+6 

gcm 0 610 99 2.257E-9 

iss 3 10 de 76.50E-6 

hlim 90 O vlim 1K 


3 


31 11 210 3x aL 
32. 12 110 5x = 
r2 6 9 100.0E3 re) 
rdl 411 8.84153 = 
rd2 4 12 8.84153 ro) 
ets. SS 35 O 
ro2 7 99 135 4°) 
rps 3s 4:138.5E3 = 
rss 10 99 2.614E6 ae 
vb 9 0 dc 0 ® 
Wo: ./.13, S3cda-4.700 — 
ve 54 4 dc 1.800 2. 
vlim 7 8 de 0 es 
vip -91°0 de 8 <_ 
vin 0 92 de 8 eae 
.model dx D(Is=800.0E-18) S 
.model jx PJF(Is=1.000E-12 Beta=140e-6 Vto=-1) re) 
.ends ‘~~ 
© 

dons 

® 

2. 
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Macromodels, simulation models, or other models Copyright © 1990, Texas Instruments Incorporated 


provided by Tl, directly or indirectly, are not j 
rani a by TI re bait rapretentieg all . - TEXAS 
specifications and operating characteristics of the 
semiconductor product to which the model relates. INST RUM ENTS 
POST OFFICE BOX 655303 « DALLAS, TEXAS 75265 
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TLO34 
OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


@ Maximum Offset Voltage ... 1.5 mV e Very Low Power Consumption ... 26 mW Typ 
e High Slew Rate ... 2.9 V/us Typ @ Output Short-Circuit Protection 
e Low Input Bias Current ... 2 pA Typ e Monolithic Construction 


macromodel — applies to TL034, TLO34A 


.subckt TLO34 a eR AE ae 
* 
cl 11 12 3.498E-12 
c2 6 7 15.00E-12 
css 10 99 11.38E-12 
dc 5-33 -Gse 
de ao SOx 
dip 90 91 dx 
din 92 90 dx 
dp 4 3 dx 
egnd 99 0O poly(2) (3,0) (4,0) 0 .5 .5 
fb 7 99 poly(5) vb vc ve vlp vin 0 936.5E3 -900E3 900E3 900E3 -900E3 
ga 6° O21 2 Tits. tE-6 
gcm 0 610 99 2.257E-9 
iss 3 10 de 76.50E-6 
hlim 90 O vlim 1K 
31 Ea. 2 20: 
1 


j2 12 10 4x 
r2 6 9 100.0E3 
rdl 411 8.841E3 
rd2 412 8.841E3 
rol S:-- 5235 
ro2 7-39: 235 
rp 3’ 4- 138.583 
rss 10 99 2.614E6 
vb 9.0 -de'0 
vc 3:93. ae" 1-700 
ve 54 4 de 1.800 
vlim 7 8 dc 0 
wip St. 0. de 38 
vin 0 92 dc 8 

dx 


D (Is=800.0E-18) 
-model jx PJF(Is=1.000E-12 Beta=140e-6 Vto=-1) 


Macromodels, simulation models, or other models Copyright © 1990, Texas Instruments Incorporated 


specifications and operating characteristics of the 


semiconductor product to which the model relates. INST RUMENTS 


POST OFFICE BOX 655303 + DALLAS, TEXAS 75265 


TLO44C 
OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


Very Low Power Consumption Low Input Offset Voltage 


@ Typical Power Dissipation with +2-V e internal Frequency Compensation 
Supplies ... 340 u.W 


e Low Input Bias and Offset Currents 


e Latch-Up-Free Operation 


@ Power Applied in Pairs 
e Output Short-Circuit Protection 


TLO44M IS NOT RECOMMENDED FOR NEW DESIGNS 


macromodel — applies to TL044M, TL044C 


.subckt TLO44C 12:93:45 
* 

cl 11 12 3.498E-12 

2 6 7 15.00E-12 


dc 5 S32 dx 
de 54 5 dx 
dlp 90 91 dx 
dln 92 90 dx 
dp 4 3 dx 


egnd 99 0O poly(2) (3,0) (4,0) 0 .5 .5 
fb 7 99 poly(5) vb vc ve vlp vin 0 1.697E6 -2E6 2E6 2E6 -2E6 
ga 6 011-12 47.13E-6 

gcm 0 610 99 6.657E-9 

iee 3 10 de 7.700E-6 

hlim 90 O vlim 1K 

ql Sa) 23. GX 

q2 i121 14 qx 

r2 6 9 100.0E3 

rel 411 21.22E3 

rc2 412 21.22E3 

rel 13 10 13.95E3 

re2 1410 13.95E3 

ree 10 99 25.97E6 


eo 8 5: 125 

ro2 7 99 125 

rp 3 4 245.1E3 

vb 9 0Odc 0 

ve 3 53 de 2.600 

ve 54 4dc 2.600 

viim--7°:.-8-de-0 

wip: 91 ..0-de 6 

vin 0 92 de 6 
-model dx D(Is=800.0E-18) 
.model qx PNP (Is=800.0E-18 Bf=37.50) 
.ends 


Macromodels, simulation models, or other models ‘ 
provided by Tl, directly or indirectly, are not i} 
warranted by Ti as fully representing all of the TEXAS 
specifications and operating characteristics of the | 
semiconductor product to which the model relates. NST RUM ENTS 
POST OFFICE BOX 655303 « DALLAS, TEXAS 75265 


Copyright © 1990, Texas Instruments Incorporated 
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TLO51 
OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


e Maximum Offset Voltage ... 800 1V e Low Noise Voltage ... 18 nV/VHz 
(TLO51A) Typ atf = 1 kHz 

e High Slew Rate ... 19.8 V/us Typ at 25°C @ Low Input Bias Currents ... 30 pA Typ 

e Low Total Harmonic Distortion ... 0.003% 


Typ at Ry = 2kQ 


macromodel — applies to TL051, TLO51A 
.subckt TLO51 12235 4-5 


* 
cl 42 22 .3-7988E-12 
c2 6 7 15.00E-12 


dc BSS. Ok 
de 54.3 de 
dip 90 91 dx 
din 92 90 dx 
dp 4 3 dx 


egnd 99.0 poly(2) (3,0) (4,0) 0 “5.5 
fb 7 99 poly(5) vb vc ve vip vin 0 2.875E6 -3E6 3E6 3E6 -3E6 


3 ga 6 01112 292.2E-6 
gem 0 610 99 6.542E-9 
iss 3 10 de 300.0E-6 

Oo hlim 90 0 vlim 1K 

> ji = 11. 2-10 4x 

= © agents Maes ates Wi tee 

4 r2 6 9 100.0E3 

oO rdl 4 11 3.42253 

=) rd2 412 3.42253 

J rol 8 5 125 

> ro2 7 99 125 

= rp cee ae ee boc 

73 rss 10 99 666.7E3 

= vb 9 0dc 0 

> vc 3 -§3:-.de 3 

“s ve 54 4 de 3.700 

= viim -7 8 de 0 

D vip 91 0 de 28 

oO vin 0 92 de 28 

o .model dx D(Is=800.0E-18) 

= .model jx PJF(Is=15.00E-12 Beta=185.2E-6 Vto=-1) 

O .ends 

©. 

O 

” 


Macromodels, simulation models, or other models 2 Copyright © 1990, Texas Instruments Incorporated 
provided by Ti, directly or indirectly, are not } 
warranted by TI as fully representing all of the TEXAS 
3-44 specifications and operating characteristics of the | 
semiconductor product to which the model relates. NSTRUM ENTS 


POST OFFICE BOX 655303 » DALLAS, TEXAS 75265 


TLO52 
OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


Maximum Offset Voltage ... 800 nV e Low Noise Voltage ... 19 nV/VHz 


(TLO52A) Typ atf = 1 kHz 
e High Slew Rate ... 17.8 V/us Typ at 25°C @ Low Input Bias Currents ... 30 pA Typ 
e Low Total Harmonic Distortion ... 0.003% 


Typ at Rp = 2kQ 


macromodel — applies to TL052, TLO52A 


.subckt TLO52 12.58 4:5 
* 

cl 11 12 3.988E-12 

c2 6 7 15.00E-12 


dc 5:53. dx 
de 54 5. dx 
dlp 90 91 dx 
din 92 90 dx 
dp 4 3 dx 


agnd SS 0 poly (2) (3,0) (4,0). 0::.5: 5 

fb 7 99 poly(5) vb vc ve vip vin 0 2.875E6 -3E6 3E6 3E6 -3E6 
ga 6 01112 292.2E-6 

gcm 0 610 99 6.542E-9 

iss 3 10 de 300.0E-6 

hlim 90 0 vlim 1K 


a i By Sar aes © tie 2 

a2 i2. 1.40 4x 

r2 6 9 100.0E3 

rdl 411 3.422E3 

rd2 412 3.422E3 

rol So :-3 220 

ro2 7 99 125 

rp < age Sey Ee ee ke 

rss 10 99 666.7E3 

vb 9 0- de 0 

vc 3-93.00 3 

ve 54 4 de 3.700 

Vis} 8: do. 

vlp 91 0 dc 28 

vin 0 92 de 28 
-model dx D(Is=800.0E-18) 
.model jx PJF(Is=15.00E-12 Beta=185.2E-6 Vto=-1) 
.ends 


Macromodels, simulation models, or other models Copyright © 1990, Texas Instruments Incorporated 


provided by Tl, directly or indirectly, are not j 
— by Tl Pe fully ssh all =A ~ TEXAS 
specifications and operating characteristics of the 
semiconductor product to which the model relates. INST RUMENTS 
POST OFFICE BOX 655303 + DALLAS, TEXAS 75265 


5 


Operational Amplifier Macromodels 
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3 


TLO54 
OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


Maximum Offset Voltage ... 1.5 mV Low Noise Voltage ... 21 nV/VHz 
(TLO54A) Typ atf = 1 kHz 
e High Slew Rate ... 15.9 V/us Typ at 25°C e Low Input Bias Currents ... 30 pA Typ 
e Low Total Harmonic Distortion ... 0.003% e Monolithic Construction 


Typ at Rp = 2kQ 


macromodel — applies to TL054, TLO54A 


.subckt TLO54 23. 4:S 
* 

ol 11-12 3..988E=-i12 

c2 6 “715, GGE-12 


dc 5°53 as 
de 54. 5. ae 
dlp 90 91 dx 
din 92 90 dx 
dp 4. 3.x 


eqnd. 99 -0 poly(Z) «(3,0) (4,0) 0 :5S <5 
fb 7 99 poly(5) vb vc ve vlp vin 0 2.875E6 -3E6 3E6 3E6 -3E6 
ga 6-0 11 12'292.2E-6 
gcm 0 610 99 6.542E-9 
iss 3 10 de 300.0E-6 
hlim 90 0O vlim 1K 
41 12. 2-10. 4x 
1 


O 
DO 
@ ces 10 4x 
® r2 6 9 100.0E3 
of. rdl 4 11 3.42253 
S rd2 412 3.422E3 
feb) rol 8. - S§<225 
— ro2. 7 99 125 
> rp 3 411.1153 
3 rss 10 99 666.7E3 
CT. vb 9 0 dc 0 
ae ve 3:53_de-3 
© ve 54 4 dc 3.700 

vlim 7 8 dec 0 
= vip 91 0 dc 28 
a vin 0 92 de 28 
° .-model dx D(Is=800.0E-18) 
© .model jx PJF(Is=15.00E-12 Beta=185.2E-6 Vto=-1) 
3 .ends 
o 
o. 
oO 
” 

Macromodels, simulation models, or other models : Copyright © 1990, Texas Instruments Incorporated 
provided by Tl, directly or indirectly, are not vis 

Sth < -Teautentines ant sheraling oarocieetics of the TEXAS 


semiconductor product to which the model relates. INST RUMENTS 


POST OFFICE BOX 655303 » DALLAS, TEXAS 75265 


. TLOGO 
OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


e Very Low Power Consumption e Common-Mode Input Voltage Range 


e Supply Current ... 200 yA Typ (per includes Vcc. 


Amplifier) e Output Short-Circuit Protection 
e Wide Common-Mode and Differential e High Input Impedance ... JFET-input Stage 
sevege sanges e Latch-Up-Free Operation 


e Low Input Bias and Offset Currents © High Slew Rate 3.5 Vius Typ 


macromodel — applies to TLO6O, TLO60A, TLO60B 


.subckt TLO60 £2.39 -4-3-6.2 
* 


el 11 12 2.332E-12 
de 5 53 dx 
de 54 5 dx 
dlp 90 91 dx 
dln 92 90 dx 
dp 4 3 dx 


egnd 99 0O poly(2) (3,0) (4,0) 0 .5 .5 

fb 7 99 poly(5) vb vc ve vlp vin 0 477.4E3 -500E3 500E3 500E3 -500E3 
ga 6 01112 62.84E-6 

gcm 0 .. 6 10-99 .2, 1782-9 


3 


iss 3 10 dc 35.00E-6 A 
hlim 90 0 vlim 1K = 
jl 11 210 35x ra) 
j2. 12 110 4x & 
r2 6 9 100.0E3 oie 
rdl 411 15.9153 O 
rd2 412 15.91E3 © 
rol 8 5 200 => 
ro2. 7 99 200 SS 
rp 3 4 150.0E3 ge 
rss 10 99 5.714E6 — 
vb 9 0 dc 0 2. 
ve 3 53 de 2.130 = 
ve 54 4 dc 2.130 <_f 
vViim 7 -8- dee nee 
vlp 91 0 de 15 
vin 0 92 de 15 ro) 
.model dx D(Is=800.0E-18) ‘_ 
.model jx PJF(Is=15.00E-12 Beta=64E-6 Vto=-1) © 
.ends ® 
(a 8 
‘@) 


Macromodels, simulation models, or other models Copyright © 1990, Texas Instruments Incorporated 


provided by Tl, directly or indirectly, are not j 
pale pie by Tl = i hip. - ie TEXAS 
specifications and operating characteristics of the 
semiconductor product to which the model relates. INSTRUM ENTS 
POST OFFICE BOX 655303 » DALLAS, TEXAS 75265 
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TL061 
OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


e Very Low Power Consumption e Output Short-Circuit Protection 
e Supply Current ... 200 nA Typ (per @ High Input Impedance ... JFET-Input Stage 
Amplifier) 


e Internal Frequency Compensation 
e Wide Common-Mode and Differential @ - Latah lin-erse Oearation 
Voltage Ranges P P 


e Low Input Bias and Offset Currents e High Siew Rate ... 3.5 V/us Typ 


@¢ Common-Mode Input Voltage Range 
Includes Vcc+ 


macromodel — applies to TL061, TLO61A, TLO61B 


.subckt TLO61 2.23 4.5 
* 

Si 11 12 3.498E-12 

c2 6 7-16, 90R-12 


de 5 53 dx 
de 54 5 dx 
dlp 90 91 dx 
dln 92 90 dx 
dp 4 3 dx 


egnd 99 0 poly(2) (3,0).-(4,0).9 .5 ..5 

fb 7 99 poly(5) vb vce ve vlp vin 0 318.3E3 -300E3 300E3 300E3 -300E3 
ga 6 01112 94.26E-6 
.gcom 0-6, 20-99..2.-60728--9 

iss 3 10-de 52.50E-6 

hlim 90 0O vlim 1K 

+1 aL” 2 Oe 

j 1 


j2 i2 10 4x 

r2 6 9 100.0E3 
rdl 4 11 10.61E3 : 
rd2 4 12 10.61E3 
rol S87 200 

ro2 7 99 200 

rp 3 . 4.150.083 
rss 10 99 3.810E6 
vb 9 0 dc 0 

vc a ae icles aun 
ve 54 4 dc 2.200 
viim: 7 6.de 0 

vip Si. .0 @e.45 


vin 0 92 de 15 
.model dx D(Is=800.0E-18) 
.model jx PJF(Is=15.00E-12 Beta=100.5E-6 Vto=-1) 
.ends 


sjapowoley] Jayduiy jeuoneisdg He 


Macromodels, simulation models, or other models e 
tial a ¥ et or indirectly, ae a Ti wis 
warranted by Tl as fully representing all of the 

3-48 specifications and operating characteristics of the EXAS 


semiconductor product to which the model relates. IN ST RUM E NTS 


POST OFFICE BOX 655303 » DALLAS, TEXAS 75265 


Copyright © 1990, Texas Instruments Incorporated 


TLO62 
OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


Very Low Power Consumption Output Short-Circuit Protection 


@ Supply Current ... 200 vA Typ (per e High Input Impedance ... JFET-Input Stage 


Mnpitten) | e internal Frequency Compensation 
e Wide Common-Mode and Differential ; 
Voltage Ranges @ Latch-Up-Free Operation 


e Low Input Bias and Offset Currents e High Slew Rate ... 3.5 V/us Typ 


e Common-Mode Input Voltage Range 
Includes Vcc+ 


macromodel — applies to TL062, TLO62A, TLO62B 


.subckt TLO62 » ee ee 
» 

ro & 11 12 3.498E-12 

C2 6 7 15.00E-12 


dc 5-53 ax 
de 545 ax 
dlp 90 91 dx 
din 92 90 dx 3 
dp 4 3 dx 


egnd 99 0O poly(2) (3,0) (4,0) 0 .5 .5 

fb 7 99 poly(5) vb ve ve vlp vin 0 318.3E3 -300E3 300E3 300E3 -300E3 
ga 6 01112 94.26E-6 

gcm 0 610 99 1.607E-9 

iss 3 10 de 52.50E-6 

hlim 90 O vlim 1K 

j1 eae RK. OC Se 

j 1 


52 12 10° 3x 

r2 6 9 100.0E3 

rdl 4 11 10.61E3 

rd2 4 12 10.61E3 

rol 8 5 200 

ro2 7 99 200 

rp 3 4 150.0E3 

rss 10 99 3.810E6 

vb 9 0Odc 0 

ve 3-53 -de 2.200 
ve 54 - 4°do 2.200 
wiin-7-  8devd 

Tip: .92 . 0-ae £5 


vin O° 92 de 5 
.model dx D(Is=800.0E-18) 
.model jx PJF(Is=15.00E-12 Beta=100.5E-6 Vto=-1) 
.ends 


Ba 
® 
xe 
fe) 
= 
fo) 
thew 
o 
© 
= 
tes 
o 
= 
ror 
= 
<< 
© 
= 
fe) 
=) 
© 
Toes 
® 
2. 
O 


Macromodels, simulation models, or other models Copyright © 1990, Texas Instruments Incorporated 


provided by Tl, directly or indirectly, are not jj 
warranted by Ti as fully representing all of the TEXAS 
specifications and operating characteristics of the | 
semiconductor product to which the model relates. NST RUM ENTS 
POST OFFICE BOX 655303 + DALLAS, TEXAS 75265 
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Wy TL064 | | 
OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


e Very Low Power Consumption e Output Short-Circuit Protection 
e Supply Current ... 200 nA Typ (per @ High Input Impedance ... JFET-input Stage 
Amplifier) . 


e Internal Frequency Compensation 
e Wide Common-Mode and Differential © Latch-Up-Free Operation 
Voltage Ranges 


e Low Input Bias and Offset Currents e High Slew Rate ... 3.5 V/us Typ 


® Common-Mode Input Voltage Range 
Includes Vcc4 


macromodel — applies to TL064, TLO64A, TL064B 
.subckt TLO64 t2-3.4 5 


* 
ox li 12 3.498E-12 
c2 6...) 7 -15.008-12 


dc 5 53 dx 
de 54 5 dx 
dlp 90 91 dx 
3 din 92 90 dx 
dp 4 3 dx 
egnd 99 0 poly(2) (3,0) (4,0) 0 .5 .5 
‘@) fb 7 99 poly(5) vb vc ve vip vin 0 318.3E3 -300E3 300E3 300E3 -300E3 
x) ga 6 011 12 94.26E-6 
2 gem 0 6 10 99 1.607E-9 
® iss 3 10 de 52.50E-6 
roe hlim 90 0 vlim 1K 
= a 7 Saas iy ae dee Ca ee 
o a2 32° 2 EG axe 
> r2 6 9 100.053 
= rdl 411 10.6153 
5 rd2 412 10.6153 
—_ rol 8 5 200 
— ro2. 7 99 200 
@ rp 3s 4:150.0E3 
rss 10 99 3.810E6 
< vb 9 0dc0O 
- vc 3.53 de 2.200 
PS) ve 54 4 dc 2.200 
=| iam 7 =-8 de.0 
5 vip 91 0 dec 15 
o. vin 0 92 de 15 
DO .model dx D(Is=800.0E-18) 
” .model jx PJF(Is=15.00E-12 Beta=100.5E-6 Vto=-1) 


Macromodelis, simulation models, or other models 


provided by : rye or indirectly, og = gf St 
warranted by Tl as fully representing all of the 
3-50 specifications and operating shen, i of the EXAS 


semiconductor product to which the model relates. INSTRU M E NTS 


POST OFFICE BOX 655303 * DALLAS, TEXAS 75265 


Copyright © 1990, Texas Instruments Incorporated 


| TLOG6C 
OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


Very Low, Adjustable (“Programmable”) e High Input Impedance ... JFET-Input Stage 
Power Consumption 


e Unity-Gain Bandwidth ... 1 MHz Typ 


e Adjustable Supply Current ... _ (100 kHz at 25 wW) 
5 wA to 200 pA 


@ Very Low Input Bias and Offset Currents 
@ Wide Supply Range ... +1.2Vto+18V 


e High Slew Rate ... 3.5 V/us Typ 
e Internal Frequency Compensation 


e Latch-Up Free Operation 


e Wide Common-Mode and Differential 


Voltage Range 


e Common-Mode Input Voltage Range 
Includes Voc+ 


e Output Short-Circuit Protection 


macromodel — applies to TLO66M, TLO66/, TLO66C, TLO66AC, TLO66BC 


.subckt TLO0O66 2 ec aS 
* 
ei 11 12 3.498E-12 
cz 6 7 15.00E-12 
dc 5. 53 dx 
de 54 5 dx 
dip 90 91 dx 
din 92 90 dx 
dp 4 3 dx 
egnd 99 0 poly(2) (3,0) (4,0) 0 .5 .5 
fb 7 99 poly(5) vb vc ve vlp vin 0 318.3E3 -300E3 300E3 300E3 -300E3 
ga 6 011 12 94.26E-6 
gcm O° 6 10-99 1-171E-8 
iss 3 10 de 52.50E-6 
hlim 90 O vlim 1K 
43 bf Bao st 
j2 5 ie ae ee 9 | BR 0 
EZ 6 9 100.0E3 
rdl 411 10.61E3 
rd2 4 12 10.61E3 
rol 8 5 200 
ro2 7 99 200 
rp 3 4 150.0E3 
rss 10 99 3.810E6 
vb 9: -0-de' 0 
vc X93) 80-2200 
ve 54 4 dc 2.200 
¥iin- 7-8 .dce-0 
vim. 91. }-de 15 
vin 0 92 dc 15 
model dx D(Is=800.0E-18) 
model jx PJF(Is=15.00E-12 Beta=100.5E-6 Vto=-1) 
ends 
Macromodels, simulation models, or other models : Copyright © 1990, Texas Instruments Incorporated 
provided by Tl, directly or indirectly, are not j, ; 
warranted by TI as fully representing all of the TEXAS wis 


specifications and operating characteristics of the 
semiconductor product to which the model relates. INST RUMENTS 


POST OFFICE BOX 655303 » DALLAS, TEXAS 75265 
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TLO70 
OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


e Low Power Consumption @e Common-Mode Input Voltage Range 
@ Wide Common-Mode and Differential Includes Vcc. 
Voltage Ranges" e LowNoise ... 18 nV/VHz Typ 
@ Low Input Bias and Offset Currents e High Input Impedance ... JFET-Input Stage 
e Output Short-Circuit Protection e Latch-Up-Free Operation 
e Low Total Harmonic Distortion ... e High Slew Rate ... 13 V/us Typ 
0.003% Typ 


macromodel — applies to TL070, TLO70A 


.subckt TLO70 L242: 3 4-5) 6.7 
* 


Cook h 11 12 5.197E-12 
dc 5: 53) dx 
de 54 5 dx 
dlp 90 91 dx 
din 92 90 dx 
dp 3 se 
3 egnd 99 0O poly(2) (3,0) (4,0) 0 .5 .5 


fb 7 99 poly(5) vb vc ve vlp vin 0 3.929E6 -4E6 4E6 4E6 -4E6 
ga 6—= 0 12 22:-361. 3E+6 


(2) gem 0 6 10 99 1.908E-9 
TS iss 3 10 dc 234.0E-6 
S hlim 90 0 vlim 1K 
® jl 11 210 3x 
rH $2.- 12.1 40° 5x 
= r2 6 9 100.0E3 
oo rdil 411 2.947E3 
> rd2 412 2.947E3 
= rol &*- § 150 
— ro2. 7 99 150 
Tine rp 3 4 21.43E3 
=n rss 10 99 854.7E3 
@ vb 9 0dcO0 
= ve 3 53 dc 2.180 
ve 54 4dc 2.180 
“3 viim.. 7 - & deo 
= vip 91 0 de 25 
3 vin 0 92 de 25 
ro) .model dx D(Is=800.0E-18) 
eo. -model jx PJUF (Is=32.50E-12 Beta=311E-6 Vto=-1) 
Oo .ends 
7) 


Macromodels, simulation models, or other models 


bie gY Legit or indirectly, ape - Ti Hi 
warranted by Tl as fully representing all of the 
3-52 specifications and operating charocherstice of the EXAS 


semiconductor product to which the model relates. | NSTRUMENTS 


POST OFFICE BOX 655303 » DALLAS, TEXAS 75265 


Copyright © 1990, Texas Instruments Incorporated 


TLO71 
OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


e Low Power Consumption e LowNoise ... 18 nV/VHz Typ 


e Wide Common-Mode and Differential e High Input Impedance ... JFET-Input Stage 


Voltage Ranges e Internal Frequency Compensation 


@ Low Input Bias and Offset Currents © Latch-Up-Free Operation 


@ Output Short-Circuit Protection © High Slew Rate 13 Vius Typ 


@ Low Total Harmonic Distortion ... 
0.003% Typ 


e Common-Mode Input Voltage Range 
Includes Voc+ 


macromodel — applies to TL071, TLO71A, TLO71B 
.subckt TLO71 i? 3.45 


* x 
ci 11 12 3.498E-12 
c2 6. 7 15.00E-12 


dc 5-53 dx 
de 54° 5. dx 
dip 90 91 dx 
din 92 90 dx 
dp 4 3 dx 


egnd 99 O poly(2) (3,0) (4,0) 0 .5 .5 

fb 7 99 poly(5) vb vc ve vlp vin 0 4.715E6 -5E6 5E6 5E6 -5E6 
ga 6 01112 282.8E-6 

gcm 0 610 99 8.942E-9 

iss 3 10 de 195.0E-6 

hlim 90 O vlim 1K 


$a zi 2 20 

j2 pena bOI 

r2 6 9 100.0E3 

rdl 4 11 3.536E3 

rd2 4-12 3 .536E3 

rol e->. 5-356 

ro2 7 99 150 

rp 3 4 2.143E3 

rss 10 99 1.026E6 

vb 9 0 de 0 

ve 3°53 do2..2900 

ve 54 4 dec 2.200 

vlim 7 8 dc 0 

vip--.91 0 de 25 

vin 0 $2: dc 25 
.model dx D(Is=800.0E-18) 
.model jx PJF(Is=15.00E-12 Beta=270.1E-6 Vto=-1) 
.ends 


Macromodels, simulation models, or other models 
provided by Tl, directly or indirectly, are not 


warranted by TI as fully representing all of the TEXAS ai 


specifications and operating characteristics of the 


semiconductor product to which the model relates. INSTRU M ENTS 


POST OFFICE BOX 655303 * DALLAS, TEXAS 75265 


Copyright © 1990, Texas Instruments Incorporated 
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TLO72 


OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


Low Power Consumption Low Noise ... 18 nV/VHz Typ 


e Wide Common-Mode and Differential e High Input Impedance ... JFET-Input Stage 


Voltage Ranges 
@ Low Input Bias and Offset Currents 
@ Output Short-Circuit Protection 


e Internal Frequency Compensation 
@ Latch-Up-Free Operation 
@ High Slew Rate ... 13 V/us Typ 


@ Low Total Harmonic Distortion ... 
0.003% Typ 


@ Common-Mode Input Voltage Range 
Includes Vcc 


macromodel — applies to TL0O72, TLO72A, TLO72B 


.subckt TLO72 Te... 5 4.25 
* 
cl 11 12 3.498E-12 
c2 6 7 15.00E-12 
dc 5-55 ce 
3 de 54 5 dx 
dip 90 91 dx 
din 92 90 dx 
Oo dp 4 3 dx 
6 egnd 99 0 poly (2) (3,0) (4,9) 0..5 .5 
@ fb 7 99 poly(5) vb ve ve vip vin 0 4.715E6 -5E6 5E6 5E6 -5E6 
PS) ga 6 O11 12 282.8E-6 
=. gem 0 6 10 99 8.942E-9 
= iss 3 10 dc 195.0E-6 
ray hlim 90 0O vlim 1K 
oT j1 11) 2.3038 
> j2 12 110 5x 
= r2 6 9 100.0E3 
coz rdl 411 3.536E3 
or rd2 412 3.536E3 
O rol 8 5 150 
oe ro2. 7 99 150 
<= rp 3s 4 2.14353 
® rss 10 99 1.026E6 
© vb 9 0dc0 
©) vc 3°53 de°>2.200 
= ve 54 4 de 2.200 
2) vlim 7 8 dc 0 
o vip 91 0 dc 25 
on vin 0 92 de 25 
.-model dx D(Is=800.0E-18) 
-model jx PJUF(Is=15.00E-12 Beta=270.1E-6 Vto=-1) 
.ends 
Macromodels, simulation modeis, or other models i Copyright © 1990, Texas Instruments Incorporated 
provided by Tl, directly or indirectly, are not i} 
warranted by Ti as fully representing all of the TEXAS His 


3-54 specifications and operating characteristics of the 


semiconductor product to which the model relates. | NST RUM E NTS 


POST OFFICE BOX 655303 » DALLAS, TEXAS 75265 


TLO74= 
OPERATIONAL AMPLIFIER MACROMODEL = 


JANUARY 1990 


Low Power Consumption Low Noise ... 18 nV/VHz Typ 


e Wide Common-Mode and Differential e High Input Impedance ... JFET-Input Stage 


Voltage Ranges e Internal Frequency Compensation 


e@ Low Input Bias and Offset Currents e Latch-Up-Free Operation 


e Output Short-Circuit Protection © High Slew Rate 13 Vius Typ 
e Low Total Harmonic Distortion ... 


0.003% Typ 


e Common-Mode Input Voltage Range 
Includes Vcc4 


macromodel — applies to TLO74, TLO74A, TLO74B 


.subckt TLO74 A. 2-3 4.5 
* 

el 11 12 3.498E-12 

c2 6 7 -35.008-12 


dc 5 53 dx 

de 54 5 dx 3 
dlp 90 91 dx 

din 92 90 dx 

dp 4 3 dx n 
egnd 99 0O poly(2) (3,0) (4,0) 0 .5 .5 ‘Oo 
fb 7 99 poly(5) vb vc ve vlp vln 0 4.715E6 -5E6 5E6 5E6 -5E6 5 S| 
ga 6 011 12 282.8E-6 oO 
gem 0 610 99 8.942E-9 £ 
iss 3 10 dc 195.0E-6 oS 
hlim 90 0 vlim 1K oO 
jl 11 210 5x = 
Cae © abe bee Os ae 

r2 6 9 100.0E3 i 
rdl 411 3.536E3 = 
rd2 412 3.536E3 — 
rol 8 5.150 2. 
ro2. 7 99 150 & 
rp 3 4 2.14353 < 
rss 10 99 1.026E6 io 
vb 9 0 dc 0 ra 
ve 3 53 de 2.200 Oo 
ve 54 4 dc 2.200 os 
vlim 7 8 dc 0 tbo 
vip 91 0 de 25 = 
vin 0 92 de 25 O 

.model dx D(Is=800.0E-18) 


.model jx PJF(Is=15.00E-12 Beta=270.1E-6 Vto=-1) 


Macromodels, simulation models, or other models 


provided by Tl, directly or indirectly, are not j 
warranted by Tl as fully representing all of the TEXAS 
specifications and operating characteristics of the 


semiconductor product to which the model relates. INSTRU M ENTS 


POST OFFICE BOX 655303 « DALLAS, TEXAS 75265 


Copyright © 1990, Texas Instruments Incorporated 


3-55 


TLO75 
OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


Low Power Consumption Low Noise ... 18nV/VHz Typ 


@ Wide Common-Mode and Differential e High Input Impedance ... JFET-Input Stage ~ 


Voltage Ranges e Internal Frequency Compensation 


e Low Input Bias and Offset Currents © Latch-Up-Free Operation 


e Output Short-Circuit Protection © High Slew Rate 13 Vius Typ 
@ Low Total Harmonic Distortion ... 


0.003% Typ 


@e Common-Mode Input Voltage Range 
Includes Vcc4 


macromodel — applies to TL075 
.subckt TLO75 a ea 34 
* 


ct 11 12 3.498E-12 
cz 6°: 7.45. OOE+12 


dc 5 53 dx 
3 de 54 5 dx 

dlp 90 91 dx 

din 92 90 dx 
ro) dp 4 3 dx 
1°) egnd 99 0O poly(2) (3,0) (4,0) 0 .5 .5 
@ fb 7 99 poly(5) vb vc ve vip vin 0 4.715E6 -5E6 5E6 5E6 -5E6 
0 ga 6 O11 12 282.8E-6 
ron gem 0 610 99 8.942E-9 
2 iss 3 10 dc 195.0E-6 
= hlim 90 O vlim 1K 
= 5 aa a ae i a 
> 1 Angelia Voagis Sie My 
= r2 6 9 100.0E3 
5 | rdl 4 11 3.536E3 
st rd2 4 12 3.536E3 
OD rol 8 5 150 
ue ro2 7 99 150 
= rp 3 4 2.14353 
Q) rss 10 99 1.026E6 
© vb 9 0 dc 0 
ro) ve 3 53 de 2.200 
= ve 54 4 de 2.200 
re) vlim 7 8 dc 0 
oa vip 91 0 de 25 
no vin 0 92-de 25 

.model dx D(Is=800.0E-18) 


.model jx PJF(Is=15.00E-12 Beta=270.1E-6 Vto=-1) 


Macromodels, simulation models, or other models 
provided by Tl, directly or indirectly, are not 


3-56 warranted by TI as fully representing all of the TEXAS Ai 


specifications and operating characteristics of the 


semiconductor product to which the model relates. INST RUM ENTS 


POST OFFICE BOX 655303 * DALLAS, TEXAS 75265 


Copyright © 1990, Texas Instruments Incorporated 


TLO80 
OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


e Low Power Consumption @ High Input Impedance ... JFET-Input Stage 
e Wide Common-Mode and Differential @ Latch-Up-Free Operation 
Voltage Hanges e High Siew Rate ... 13 V/us Typ 


e Common-Mode Input Voltage Range 
@ Output Short-Circuit Protection Includes Vcc4 


@ Low Input Bias and Offset Currents 


@ Low Total Harmonic Distortion ... 
0.003% Typ 
macromodel — applies to TL080, TLO80A 


.subckt TLO80 Lao 25-67 
* 


el 11 12°5.1978-12 
de 5 53 dx 
de 54 5 dx 
dlp 90 91 dx 
din 92 90 dx 
dp 4 3 dx 


3 


egnd 99 0O poly(2) (3,0) (4,0) 0 .5 .5 
fb 7 99 poly(5) vb vc ve vip vin 0 3.803E6 -4E6 4E6 4E6 -4E6 
ga 6 O11 12 377. 6E-6 


gom 0 6 10 99 9.882E-9 & 
iss 3 10 dc 234.0E-6 a 
hlim 90 0O vlim 1K o) 
gS Seay = epge mee ks ee = 
42-42 1,10 3 fe) 
r2. 6 -«9:100.0E3 O 
rdl 411 2.85253 © 
rd2 4 12 2.85283 = 
rol 8 5 150 a 
ro2. 7 99 150 o& 
rp 3 4 21.4353 = 
rss 10 99 854.7E3 2. 
vb 9 0 dc 0 i 
ve 3 53 de 2.200 < 
ve 54 4 de 2.200 ae 
vlim 7 8 dc 0 = 
vip 91 0 de 25 O 
vin 0 92 de 25 ‘~ 
.model dx D(Is=800.0E-18) © 
.model jx PJF(Is=15.00E-12 Beta=332E-6 Vto=-1) ® 
.ends = 
Oo 


Macromodels, simulation models, or other models 
provided by Tl, directly or indirectly, are not } 
penile by Ti s peel rearseney a # - TEXAS 
specifications and operating characteristics of the 
semiconductor product to which the model relates. INSTRUM ENTS 
POST OFFICE BOX 655303 » DALLAS, TEXAS 75265 


Copyright © 1990, Texas Instruments Incorporated 


3-57 


TLO81 
OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


@ Low Power Consumption e High Input Impedance ... JFET-Input Stage 


e Wide Common-Mode and Differential e Internal Frequency Compensation 
Woltage Ranges @ Latch-Up-Free Operation 
@ High Slew Rate ... 13 V/us Typ 


: @e Common-Mode Input Voltage Range 
e Low Total Harmonic Distortion ... Includes Voc+ 
0.003% Typ 


e Low Input Bias and Offset Currents 
@ Output Short-Circuit Protection 


macromodel — applies to TL081, TLO81A, TLO81B 


.subckt TLO81 Lows &.§ 
* 

cl 11 12 3.498E-12 

c2 6 7 15.00E-12 


de 5 53 dx 
de 54 5 dx 
dlp 90 91 dx 
dln 92 90 dx 
3 dp 4 3 dx 


egnd 99 0O poly(2) (3,0) (4,0) 0 .5 .5 
fb 7 99 poly(5) vb vc ve vlp vin 0 4.715E6 -5E6 5E6 5E6 -5E6 


© ga 6 011 12 282.8E-6 
TS gem 0 610 99 8.942E-9 
@ iss 3 10 de 195.0E-6 
o hlim 90 0 vlim 1K 
5 PS S10: Se 
| a2 12> 4. 50 4% 
o r2 6 9 100.0E3 
rdl 411 3.536E3 
> rd2 412 3.536E3 
3 rol §.-5 150 
Z ro2. 7 99 150 
=h rp 3 4 2.14353 
@ rss 10 99 1.026E6 
vb 9 0 dc 0 
= ve 3.53 de 2.200 
2 ve 54 4 dc 2.200 
= vwitm .-7 8 dé-6 
a vip 91 0 de 25 
3 vin 0 92 de 25 
= .model dx D(Is=800.0E-18) 
@ .model jx PJF(Is=15.00E-12 Beta=270.1E-6 Vto=-1) 
Ty .ends 


Macromodels, simulation models, or other models 


peees 4, ee or indirectly, ag a Ti ws 
warranted by Tl as fully representing all of the 
3-58 specifications and operating characteristics of the EXAS 


semiconductor product to which the model relates. IN STRUM ENTS 


POST OFFICE BOX 655303 - DALLAS, TEXAS 75265 


Copyright © 1990, Texas Instruments Incorporated 


TLO82 
OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


e Low Power Consumption e High Input Impedance ... JFET-Input Stage 


@ Wide Common-Mode and Differential e Internal Frequency Compensation 
Voltage Ranges e Latch-Up-Free Operation 
e High Slew Rate ... 13 V/us Typ 


@ Common-Mode Input Voltage Range 
e Low Total Harmonic Distortion ... Includes Vcc. 
0.003% Typ 


e Low Input Bias and Offset Currents 
e Output Short-Circuit Protection 


macromodel — applies to TL082, TLO82A, TLO82B 


.subckt TLO82 42253085 
* 

cl 11 12 3.498E-12 

c2 6 7 15.00E-12 


dc 5. 53. dx 
de 54 5 dx 
dip 90 91 dx 
din 92 90 dx 
dp 4 3 dx 3 


egnd 99 0 poly(2) (3,0) (4,0) 0 .5 .5 
fb 7 99 poly(5) vb vc ve vlp vin 0 4.715E6 -5E6 5E6 5E6 -5E6 


ga 6 011 12 282.8E-6 A 
gem 0 610 99 8.942E-9 a 
iss 3 10 de 195.0E-6 Be 
hlim 90 O vlim 1K o 
j1 Nes Ge i ro) 
AQ > AS 1°50 4m rE 
r2 6 9 100.0E3 = 
rdl 411 3.536E3 _ 
rd2 412 3.536E3 
rol Ss 5S 1380 rb) 
ro2. 7 99 150 ‘om 
ae 3.8 2 ese roi 
rss 10 99 1.026E6 Me 
vb SO" deo m= 
ve 3 53 dc 2.200 es 
ve 54 4 de 2.200 4°) 
vlim 7 8 de 0 3 
vin 93. 9 de.zs ‘a 
vin 0 92 de 25 © 
.model dx D(Is=800.0E-18) @ 
model jx PJF(Is=15.00E-12 Beta=270.1E-6 Vto=-1) ok 
.ends O 


Macromodels, simulation models, or other models Copyright © 1990, Texas Instruments Incorporated 


provided by Tl, directly or indirectly, are not 


wip 
warranted by Tl as fully representing all of the TEXAS ' 
specifications and operating characteristics of the | 
semiconductor product to which the model relates. NST RUMENTS 

POST OFFICE BOX 655303 » DALLAS, TEXAS 75265 


3-59 


TLO83 
OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


e Low Power Consumption e High Input Impedance ... JFET-input Stage 


@ Wide Common-Mode and Differential e Internal Frequency Compensation 
Voltage Ranges @ Latch-Up-Free Operation 
@ High Slew Rate ... 13 V/us Typ 


e Common-Mode Input Voltage Range 
@ Low Total Harmonic Distortion ... Includes Vcc4 
0.003% Typ 


@ Low Input Bias and Offset Currents 
e Output Short-Circuit Protection 


macromodel — applies to TL083, TLO83A 


.subckt TLO83 23,45 
* 

cl 11 12 3.498E-12 

c2 6 7 15.00E-12 


dc »- 53-dx 
de 54 5 dx 
dlp 90 91 dx 
din 92 90 dx 
dp 4 3 dx 


egnd 99 0O poly(2) (3,0) (4,0) 0 .5 .5 
fb 7 99 poly(5) vb vc ve vip vin 0 4.715E6 -5E6 5E6 5E6 -5E6 
ga 6 0 tl 12 282.32-6 
gcom 0 610 99 8.942E-9 
iss 3 10 de 195.0E-6 
hlim 90 O vlim 1K 
j1 Sat, ae ae ee 
1 


32 12 10 4x 

r2 6 9 100.0E3 
rdl 4-12. 3: 536R3 
rd2 412 3.536E3 
rol S- 5 150 

ro2 7 99 150 

rp 3.4 2.143E3 
rss 10 99 1.026E6 
vb 9 0Odc 0 

ve 3.53 de .2:200 
ve 54 4dc 2.200 
Vin. 7 —8..0e-0 

wip Si —0 do. 25 
vin 0 92 dce-25 

.model dx D(Is=800.0E-18) 


.model jx PJF(Is=15.00E-12 Beta=270.1E-6 Vto=-1) 


SJAPOWOIIOLIA] JBINduUIW jeUOI}e1BdO OW 


Macromodels, simulation models, or other models 


strc hy a erent or indirectly, a, - Ti 4 
warranted by TI as fully representing all of the ’ 
3-60 specifications and operating characteristics of the EXAS 


semiconductor product to which the model relates. INSTRUM ENTS 


POST OFFICE BOX 655303 » DALLAS, TEXAS 75265 


Copyright © 1990, Texas Instruments Incorporated 


| - TLos4 
OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


Low Power Consumption High Input Impedance ... JFET-Input Stage 


e Wide Common-Mode and Differential @ Internal Frequency Compensation 
Voltage Ranges 


@ Latch-Up-Free Operation 
e High Slew Rate ... 13 V/us Typ 


e Common-Mode Input Voltage Range 
e Low Total Harmonic Distortion ... Includes Voc 
0.003% Typ 


e Low Input Bias and Offset Currents 
e Output Short-Circuit Protection 


macromodel — applies to TL084, TLO84A, TLO84A 


.subckt TLO84 A BS Bee sa 
* 

et 11 12 3.498E-12 

c2 6.7 15.008-12 


dc 5.53 dx 

de 54 5 dx 

dlp 90 91 dx 

din 92 90 dx 

dp 4 3 dx 3 


egnd 99 0 poly(2) (3,0) (4,0).0 .5 .5 
fb 7 99 poly(5) vb vc ve vip vin 0 4.715E6 -5E6 5E6 5E6 -5E6 
ga 6 01112 282.8E-6 
gcm 0 610 99 8.942E-9 
iss 3 10 de 195.0E-6 
hlim 90 O vlim 1K 
31 ti. 2-10-52 
7 


-model jx PJF(Is=15.00E-12 Beta=270.1E-6 Vto=-1) 


ae 

ie) 

n°) 

fe) 

DY eee 10 4x O 
r2 6 9 100.053 i] 
rdl 4 11 3.536E3 > 
rd2 4 12 3.536E3 a 
rol 8 5 150 ® 
ro2 7 99 150 ated 
rp 3 4 2.143E3 rol 
rss 10 99 1.026E6 = 
vb 9 0 dc 0 m4 
ve 3 53 de 2.200 oth 
ve 54 4 dc 2.200 © 
vlim 7 8 de 0 = 
Vip $1.0: de -25 ‘2 
vin 0 92 de 25 © 
.model dx D(Is=800.0E-18) rT) 
jos 

Se) 


Macromodels, simulation models, or other models ; Copyright © 1990, Texas Instruments Incorporated 
provided by Tl, directly or indirectly, are not } 
warranted by Tl as fully representing all of the TEXAS 
specifications and operating characteristics of the : 3-61 
semiconductor product to which the model relates. NST RUMENTS 

POST OFFICE BOX 655303 * DALLAS, TEXAS 75265 


TLO85 | 
OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


@ Low Power Consumption e High Input impedance ... JFET-input Stage 


@ Wide Common-Mode and Differential e Internal Frequency Compensation 
vonage Menges @ Latch-Up-Free Operation 
e High Slew Rate ... 13 V/us Typ 


e Common-Mode Input Voltage Range 
e Low Total Harmonic Distortion ... includes Vcc+ 
0.003% Typ 


@ Low Input Bias and Offset Currents 
@ Output Short-Circuit Protection 


macromodel — applies to TL085 


.subckt TLO85 2 °3:4 5 
* 

cl 1112 3.498E-12 

c2 6 7 15.00E-12 


de 5 53 dx 
de 54 5 dx 
dlp 90 91 dx 
din 92 90 dx 
3 dp 4 3 dx 
| egnd 99 0 poly(2) (3,0) (4,0) 0.5 .5 
fb 7 99 poly(5) vb ve ve vip vin 0 4.715E6 -5E6 5E6 5E6 -5E6 
eo) ga 6..0 11 12 282-ez-6 
Zo) gem 0 6 10 99 8.942E-9 
@ iss 3 10 dc 195.0E-6 
a hlim 90 0 vlim 1K 
S a9 415° 2-40 4x 
— a j2 12: *t-10 4x 
vy r2 6 9 100.0E3 
rdl 4 11 3.536E3 
> rd2 4 12 3.53653 
3 rol 8 5 150 
‘<2 ro2. 7 99 150 
oH rp 3 4 2.14353 
@ rss 10 99 1.02656 
vb 9 0Odc0O 
= ve 3 53 dc 2.200 
~ ve 54 4 de 2.200 
“sy Vian -.7.-°8:-de-Q 
° vip 91 0 de 25 
3 vin 0 92 de 25 
“4 -model dx D(Is=800.0E-18) 
@O -model jx PJF(Is=15.00E-12 Beta=270.1E-6 Vto=-1) 
Ty .ends 


Macromodels, simulation models, or other models 


provided by Be att or indirectly, ie a T y} 
warranted by Tl as fully representing all of the 
3-62 _ specifications and operating characteristics of the EXAS 


semiconductor product to which the model relates. INST RUM ENTS 


POST OFFICE BOX 655303 » DALLAS, TEXAS 75265 


Copyright © 1990, Texas Instruments Incorporated 


pe ea 


TLOS7= 
OPERATIONAL AMPLIFIER MACROMODEL = 


JANUARY 1990 


e Low Input Offset Voltage ... 0.5 mV Max e Internal Frequency Compensation 
e Low Power Consumption @ Latch-Up-Free Operation 
e Wide Common-Mode and Differential e High Slew Rate ... 18 V/us Typ 


Voltage Ranges e Low Total Harmonic Distortion ... 


e@ Low Input Bias and Offset Currents 0.003% Typ 


e High Input Impedance ... JFET-Input 
Stage 


macromodel — applies to TL087 


.subckt TLO87 1.2.3.4 5 
* 

cl 11 12 3.887E-12 

c2 6 7 12.00E-12 


dc 5253-0 

de 5é 5 cx 

dlp 90 91 dx 

din 92 90 dx 

dp 3 as 3 


egnd. 99 -0 poly(2)- (3,0). (4,0) 0° .&:.5 
fb 7 99 poly(5) vb vc ve vlp vin 0 6.189E6 -6E6 6E6 6E6 -6E6 
ga 6. 0 11. 12-282. 8E-6 
gcm 0 610 99 3.560E-9 
iss 3 10 dc 270.0E-6 
hlim 90 0O vlim 1K 
Be. se EA tae © ee 
L 


j2 12 10 4x 

r2 6 9 100.0E3 
rdl 411 3.536E3 
rd2 412 3.536E3 
rol 8-5: 60 

ro2 7 99 60 

rp 3 234 41735483 
rss 10 99 740.7E3 
vb 9 0 ‘de.0 

vc 3~ 53° de -2 2209 
ve 54 4 dc 2.200 
vin 7.6 de 0 

vin 91 --0<dae-30 


vin 0 92 de 30 
.model dx D(Is=800.0E-18) 
.model jx PJF(Is=15.00E-12 Beta=165.3E-6 Vto=-1) 
.ends 
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Macromodels, simulation models, or other models : Copyright © 1990, Texas Instruments Incorporated 
provided by Tl, directly or indirectly, are not y] 
warranted by Ti as fully representing all of the TEXAS 
specifications and operating characteristics of the | 3-63 
semiconductor product to which the model relates. NST RUMENTS 

POST OFFICE BOX 655303 - DALLAS, TEXAS 75265 


TLO88 
OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


@ Low Input Offset Voltage ... 0.5 mV Max e internal Frequency Compensation 
e Low Power Consumption ® Latch-Up-Free Operation 
@ Wide Common-Mode and Differential e High Slew Rate ... 18 V/us Typ 


Voltage Ranges ® Low Total Harmonic Distortion ... 


e Low Input Bias and Offset Currents 0.003% Typ 


@ High Input Impedance ... JFET-input 
Stage 


macromodel — applies to TL088 


.subckt TLO88 1.2°3.4 5 
* 

ot a2 12 .3.887E-12 

CZ 6 7 12.00E-12 


de 5 53 dx 
de 54 5 dx 
dlp 90 91 dx 
din 92 90 dx 
3 dp 4 3 dx 


egnd 99 0O poly(2) (3,0) (4,0) 0 .5 .5 
fb 7 99 poly(5) vb vc ve vlp vin 0 6.189E6 -6E6 6E6 6E6 -6E6 


O ga 6 O11 12 282.8E-6 
Sd gem 0 610 99 3.560E-9 

© iss 3 10 de 270.0E-6 
® hlim 90 0 vlim 1K 
5" qi 11-2 -10:-4x 
ms | j2 Ee? ae ee 
a r2 6 9 100.0E3 

rdl 411 3.536E3 
> rd2 4 12 3.536E3 
S rol 8 5 60 
TS ro2. 7 99 60 
oe rp 2s 3. 4:11.54E3 
@ rss 10 99 740.7E3 

vb 9 0dc 0 
<= vc 383. de 25200 
> ve 54 4 de 2.200 
= vliim 7 8 de © 
= vip 91 0 de 30 
3 vin 0 92 de 30 
4 .-model dx D(Is=800.0E-18) 
@ -model jx PJF(Is=15.00E-12 Beta=165.3E-6 Vto=-1) 
a .ends 


Macromodels, simulation models, or other models 


let = er or indirectly, fate T Hi 
warranted by Tl as fully representing all of the 
3-64 specifications and operating characteristics of the EXAS 


semiconductor product to which the model relates. INSTRUM ENTS 


POST OFFICE BOX 655303 » DALLAS, TEXAS 75265 


Copyright © 1990, Texas Instruments Incorporated 


TL136C 
OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


@ Continuous-Short Circuit Protection e@ No Latch-Up 


e Wide Common-Mode and Differential e Unity-Gain Bandwidth ... 3 MHz Typ 


Voltage Ranges e Gain and Phase Match Between Amplifiers 


e No Frequency Compensation Required 


e Low Power Consumption 


macromodel — applies to TL136C 


.subckt TL136 4 oa 
* 

el 11 12 2.664E-12 

G2 6 7 20.00E-12 


dc 5 53x 
de 54 5 dx 
dlp 90 91 dx 
din 92 90 dx 
dp 4 3 dx 


egnd 99 0 poly(2) (3,0) (4,0) 0 .5 .5 
fb 7 99 poly(5) vb vc ve vlp vin 0 6.365E6 -6E6 6E6 6E6 -6E6 
ga 6 041112 418.0E-6 

gcm 0 610 99 6.705E-9 

iee 3 10 de 34.28E-6 

hlim 90 0O vlim 1K 

ql th5-. 2°33) ae 

q2 12 1314 qx 

r2 6 9 100.0E3 

rel 4.172. 65253 

rez 412 2.652E3 

ret. 23-10. 1.12283 

re2 14 10 1.122E3 

ree 10 99 5.834E6 

rol S:.5 i258 


3 


ro2 71.99.1245 

rp 3 4 24.67E3 
vb 9:’-0 de 6 

vc 3 53:..de-2..600 
ve 54 4 dc 2.600 
vita 7 8 de 0 

vip 81. 0--de.25 


vin 0 82°ae 25 
.model dx D(Is=800.0E-18) 
.model qx PNP (Is=800.0E-18 Bf=121.4) 
.ends 


Operational Amplifier Macromodels 


Macromodels, simulation models, or other models Copyright © 1990, Texas Instruments Incorporated 


provided by TI, directly or indirectly, are not i. 
—— by TI = doe gsi, Ete a TEXAS 
specifications and operating characteristics of the 
semiconductor product to which the model relates. INSTRUM ENTS 
POST OFFICE BOX 655303 » DALLAS, TEXAS 75265 


3-65 


TL287 | 
OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


e Low Input Offset Voltage ... 0.5 mV Max e Internal Frequency Compensation 
e Low Power Consumption e Latch-Up-Free Operation 
e Wide Common-Mode and Differential e High Slew Rate ... 18 V/us Typ 


Voltage Ranges e Low Total Harmonic Distortion ... 


@ Low Input Bias and Offset Currents 0.003% Typ 


e High Input Impedance ... JFET-Input 
Stage 


macromodel — applies to TL287 


.subckt TL287 og Mee ES 
* 

gi 11 12 3.887E-12 

c2 6-7 12, 008-12 


de 5 53 dx 
de 54 5 dx 
dlp 90 91 dx 
din 92 90 dx 
3 dp 4-3 as 
egnd 99 0 poly(2) (3,0) (4,0) 0 .5 .5 
fb 7 99 poly(5) vb vc ve vip vin 0 6.189E6 -6E6 6E6 6E6 -6E6 
‘@) ga 6 011 12 282.8E-6 
ao) gem 0 610 99 3.560E-9 
@ iss 3 10 de 270.0E-6 
a hlim 90 0 vlim 1K 
rot 42> 41 - 2 16° 4= 
“y ao 42°55 304% 
oe r2 6 9 100.053 
> rdl 411 3.536E3 
5 rd2 4 12 3.536E3 
rol 8 5 60 
ack ro2 7 99 60 
= rp 3 4 11.5453 
© rss 10 99 740.7E3 
vb 9 0dc 0 
< vc 3 53 de 2:200 
“ ve 54 4 de 2.200 
“= vlim 7 8 de 0 
S ¥ip. .91’.-0-de 30 
& vin 0 92 de 30 
fou -model dx D(Is=800.0E-18) 
DO .model jx PJF(Is=15.00E-12 Beta=165.3E-6 Vto=-1) 
~” .ends 


Macromodels, simulation models, or other models 


a uF ere or indirectly, _ _ T vi 
warranted by TI as fully representing all of the 
3-66 specifications and operating characteristics of the EXAS 


semiconductor product to which the model relates. INST RUM ENTS 


POST OFFICE BOX 655303 « DALLAS, TEXAS 75265 


Copyright © 1990, Texas Instruments Incorporated 


7 TL288 
OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


e Input Offset Voltage ... 1mV Max e Internal Frequency Compensation 
e Low Power Consumption @ Latch-Up-Free Operation 
@ Wide Common-Mode and Differential e High Slew Rate ... 18 V/us Typ 


Voltage Ranges e Low Total Harmonic Distortion ... 


e Low Input Bias and Offset Currents 0.003% Typ 


e High Input Impedance ... JFET-input 
Stage 


macromodel — applies to TL288 


.subckt TL288 2 3 4:5 
* 

cl 1112 3.887E-12 

c2 6 7 12.00E-12 


dc 5-53 -dx 
de 54 5 dx 
dlp 90 91 dx 
din 92 90 dx 
dp Ay OR 3 


egnd 99 0 poly(2) (3,0) (4,0) 0 .5 .5 
fb 7 99 poly(5) vb vc ve vip vin 0 6.189E6 -6E6 6E6 6E6 -6E6 


ga 6 011 12 282.8E-6 A 
gem 0 610 99 3.560E-9 B 
iss 3 10 de 270.0E-6 oO 
hlim 90 0O vlim 1K = 
417° 14-2 10- 4x .) 
49 (4974 10-4 O 
r2 6 9 100.053 © 
rdl 4 11 3.536E3 => 
rd2 4 12 3.536E3 i 
rol 8 5 60 Oo 
ro2 7 99 60 = 
rp 3 4 11.5453 rol 
rss 10 99 740.7E3 i 
vb 9 0 dc 0 m4 
ve 3 53 de 2.200 Se 
ve 54 4 de 2.200 © 
vlim 7 8 de 0 = 
vlp 91 0 dc 30 = 
vin 0 92 de 30 © 
.model dx D(Is=800.0E-18) @ 
_model jx PJF(Is=15.00E-12 Beta=165.3E-6 Vto=-1) ra} 


Macromodels, simulation models, or other models s 
provided by Tl, directly or indirectly, are not i} 
warranted by TI as fully representing all of the TEXAS 
specifications and operating characteristics of the | 
semiconductor product to which the model relates. NSTRUMENTS 
POST OFFICE BOX 655303 * DALLAS, TEXAS 75265 


Copyright © 1990, Texas Instruments Incorporated 


3-67 


sjapowosey Joyiyduiy jeuojesdg ee 


TL3821C 
OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


Wide Range of Supply Voltages: 
Single Supply ... 3 Vto 30 V 
or Dual Supplies e Low Input Bias and Offset Parameters: 

Input Offset Voltage ... 2mV Typ 

Input Offset Current ... 3nA Typ 

(TL3211) 

e Common-Mode Input Voltage Range Input Bias Current ... 45 nA Typ 

Includes Ground, Allowing Direct Sensing 

near Ground 


Internal Frequency Compensation 


@ Low Supply Current Drain Independent of 
Supply Voltage ... 0.8 mA Typ 


e Differential Input Voltage Range Equal to 
Maximum-Rated Supply Voltage ... +32 V 
@ Open-Loop Differential Voltage 
Amplification ... 100 V/mV Typ 


macromodel — applies to TL321C, TL321I 


.subckt TL321 i323. 55 
* 

cl 11 12 4.664E-12 

c2 6 7 20.00E-12 


de 5 53 dx 
de 54 5 dx 
dlp 90 91 dx 
din 92 90 dx 
dp 4 3 dx 


egnd 99 0O poly(2) (3,0) (4,0) 0 .5 .5 
fb 7 99 poly(5) vb vc ve vip vin 0 15.91E6 -20E6 20E6 20E6 -20E6 
ga 6: .0 11-12-132:.. 72-6 

gcm 0 610 99 3.974E-9 

iee 3 10 de 10.09E-6 

hlim 90 0O vlim 1K 

ql dake ae ee 

q2 12 114 qx 

r2 6 9 100.0E3 

tcl 411 7.957E3 

rc2 412 7.957E3 

rel 13 10 2.759E3 

re2 14 10 2.759E3 

ree 10 99 19.82E6 


rol §:<-5- 36 
ro2 7 99 50 
rp 3 4 15.08E3 
vb 9 0 dc O 
vec 3°$3 de, 2-600 
ve 54 4dc .6 
viam.it -8 ac-0 
vlp 91 0 dc 40 
vin 0 92 de 40 
.model dx D(Is=800.0E-18) 
.model qx PNP (Is=800.0E-18 Bf=111.1) 
.ends 
Macromodels, simulation models, or other models a Copyright © 1990, Texas Instruments Incorporated 
provided by Tl, directly or indirectly, are not 4 
G-68"~ specications and aperaling characteristics ofthe TEXAS 


semiconductor product to which the model relates. INST RUMENTS 


POST OFFICE BOX 655303 » DALLAS, TEXAS 75265 


TL322C€ 
OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


e Wide Range of Supply Voltages: e Low Input Bias Current 
Single Supply ... 3Vto 36 V 
or Dual Supplies 


e Class AB Output Stage 
e True Differential Input Stage 


Internal Frequency Compensation 
e Short-Circuit Protection 


macromodel — applies to TL322C, TL322l 


.subckt TL322 i RE Soe ie 
* 

Ci 11 12 7.544E-12 

c2 6 7. 20:..00E-12 


dc 5-53. dx 
de 54 5 dx 
dip 90 91 dx 
din 92 90 dx 
dp 4 3 dx 


egnd 99 -0 poly(2) (3,0). (4,0)-0 .5 .5 
fb 7 99 poly(5) vb vc ve vip vin 0 42.44E6 -40E6 40E6 40E6 -40E6 
ga 6° 0 11. 12.130 -7E-6 

gcm 0 6.10 99 2.235E-9 

iee 3 10 de 12.40E-6 

hlim 90 O vlim 1K 

ql $i. <2 .43°-ax 

q2 12 114 qx 

r2 6 9 100.0E3 

rcl 4-11 7.935753 

rce2 412 7.957E3 

rel 13 10 3.529E3 

re2 14 10 3.529E3 

ree 10 99 16.13E6 


rol S.-5 37,50 

ro2 7 99 37.50 

rp 3 4 43.62E3 

vb 9°: 0-de-0 

ve 3° 33:-ae 2;800 

ve 54 4 dc 2.600 

vlin-. 7: 8-de 0 

Vip 91.0 de 30 

vin 0 92 dec 30 
.model dx D(Is=800.0E-18) 
.model qx PNP (Is=800.0E-18 Bf=30) 
.ends 


Macromodels, simulation models, or other models - 
provided by Tl, directly or indirectly, are not i} 
mecaind by Tl - pati Eepresertial rah of ms TEXAS 
specifications and operating characteristics of the 
semiconductor product to which the model relates. INST RUMENTS 
POST OFFICE BOX 655303 » DALLAS, TEXAS 75265 


Copyright © 1990, Texas Instruments Incorporated 


3 


Operational Amplifier Macromodels 
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TLO251C (HIGH BIAS) 
OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


@ Wide Range of Supply Voltages ... @ Common-Mode Input Voltage Range Includes 
1.4Vto16V the Negative Rail 
e True Single-Supply Operation ® LowNoise ... 30 nV/VHz Typ at 1 kHz 


macromodel — applies to TLC251, TLC251A, TLC251B 


-8ubckt TLC251B 123 4 5 
* 

cl 1112 8.392E-12 

c2 6 7 20.00E-12 


de 5 53 dx 
de 54 5 dx 
dlp 90 91 dx 
din 92 90 dx 
dp 4 3 dx 


egnd 99 0O poly(2) (3,0) (4,0) 0 .5 .5 

fb 7 99 poly(5) vb vc ve vlp vin 0 1.845E6 -2E6 2E6 2E6 -2E6 
ga 6 0.11 12 289.1E-6 

gcm 0 610 99 6.471E-9 

iss 3 10 de 90.00E-6 


OO 
og 
= 
bee 
5 
\o 
© 
oO 


vlim 1K 
31 IA 2 2048 
ae) j2 a2? 2) 10D, 3s 
=“ r2 6 9 100.0E3 
© rdl 411 3.459E3 
9) rd2 4:12 3.459E3 
lan rol e395 
QO ro2. 7 99 75 
= rp 3 4 10.00E3 
<< rss 10 99 2.222E6 
Pp vb 9 0 dc 0 
= ve 3 53 de 1.400 
Zo) ve 54 4dc 1.400 
= vlim 7 8 dc 0 
OD vip 91 0 de 15 
= vin 0 92 de 15 
<= .model dx D(Is=800.0E-18) 
Q) .model jx PJF(Is=500.0E-15 Beta=504E-6 Vto=-.1) 
© .ends 
3 
oe) 
oe. 
O 
” 


Macromodels, simulation models, or other models 


sagt m ciety or mekenny. ae not Ti wis 
warranted by Tl as fully representing ail of the 
3-70 _ specifications and operating characteratics of the EXAS 


semiconductor product to which the model relates. INST RUMENTS 


POST OFFICE BOX 655303 » DALLAS, TEXAS 75265 


Copyright © 1990, Texas Instruments Incorporated 


TLC251C (LOW BIAS) 
OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


e Wide Range of Supply Voltages ... e Common-Mode Input Voltage Range Includes 
1.4Vto16V the Negative Rail 
e True Single-Supply Operation e@ Equivalent Input Noise Voltage ... 70 nV/VHz 
Typ at 1 kHz ~ 


macromodel — applies to TLC251, TLC251A, TLC251B 
.subckt TLC251L 12345 


* 


ree 11 12 10.73E-12 
c2 6 7 20.00E-12 
dc § 53 dx 
de 54.5 az 
dlp 90 91 dx 
din 92 90 dx 
dp 43: GE 


egnd 99 0O poly(2) (3,0) (4,0) 0 .5 .5 

fb 7 99 poly(5) vb vc ve vip vin 0 530.5E6 -500E6 500E6 500E6 -500E6 
ga 6 O11 12 12.57E-6 

gcm 0 610 99 281.4E-12 

iss 3 10 de 800.0E-9 

hlim 90 O vlim 1K 

a BS 5 Ra ie & 8 Be 

j 1 


3 


n 
42 12 10 4x ® 
r2.- 6-—«9:100.0E3 = 
rdl 411 79.57E3 ‘= 
rd2 4 12 79.57E3 ro) 
rol aE ay F fem 
ro2 7 99 75 - 
rp 3 4 1.000E6 => 
rss 10 99 250.0E6 ae 
vb $.-.0cde 0 @ 
ve 3 53 de 1.300 a 
ve 54 4 dc 1.300 oe. 
vlim 7 8 dc 0 = 
Vie GL: 0:-ee 25 = 
vin 0-92 de 15 By 
.model dx D(Is=800.0E-18) G 
model jx PJF(Is=500.0E-15 Beta=197E-6 Vto=-.1) = 
.ends — 
ie) 
i 
® 
o. 
Oo 
Macromodels, simulation models, or other models “ Copyright © 1990, Texas Instruments Incorporated 
provided by Tl, directly or indirectly, are not i} 
warranted by TI as fully representing all of the TEXAS 4 


specifications and operating characteristics of the 3-71 
semiconductor product to which the model relates. INST RUM ENTS 
POST OFFICE BOX 655303 » DALLAS, TEXAS 75265 


SsjapOwWOsIeW] 9yydwiy jeuoneisdg Mev 


TLO251C (MEDIUM BIAS) 
OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


® Wide Range of Supply Voltages ... @ Common-Mode Input Voltage Range Includes 
1.4Vto 16V the Negative Rail 
e True Single-Supply Operation e LowNoise ... 38 nV/VHz Typ at 1 kHz 


macromodel — applies to TLC251, TLC251A, TLC251B 


.subckt TLC251M 123 4 5 
cl 131-132-120. 73E-i2 
c2 6 7 20.00E-12 


de 5 53 dx 
de 54 5 dx 
dlp 90 91 dx 
din 92 90 dx 
dp 4 3 dx 


egnd 99 0O poly(2) (3,0) (4,0) 0 .5 .5 

fb 7 99 poly(5) vb vc ve vip vin 0 42.44E6 -40E6 40E6 40E6 -40E6 
ga 6 “O.tl 12. 87.978-6 

gcm 0 610 99 1.970E-9 

iss 3 10 de 12.00E-6 

hlim 90 O vlim 1K 

31 AS 2510S 5E 

j 1 


42 12 10 jx 

£2 6 9 100.0E3 

rdl 411 11.37E3 

rd2 4 12 11.3783 

rol at Te! Sa 

ro2 - 93:-75 

rp 3 4 66.67E3 

rss 10 99 16.67E6 

vb 9 0Odc 0 

ve 3 53 ge-1.300 
ve 54. 4 de 1.300 
vlim *7? 8-de.0 

vip -94— 0-de 15 


vin 0 92 de 15 
.model dx D(Is=800.0E-18) 
.model jx PJF(Is=500.0E-15 Beta=460E-6 Vto=-.1) 
.ends 


Macromodels, simulation models, or other models 


provided by Tl, directly or indirectly, are not j 
warranted by Tl as fully representing all of the TEXAS 


Copyright © 1990, Texas Instruments Incorporated 


3-72 specifications and operating characteristics of the 


semiconductor product to which the model relates. INST RUMENTS 


POST OFFICE BOX 655303 + DALLAS, TEXAS 75265 


TLE252C 
OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


e A-Suffix Versions Offer 5-mV Vio e True Single-Supply Operation 
e B-Suffix Versions Offer 2-mV Vio ® Common-Mode Input Voltage Includes the 
Negative Rail 


e Wide Range of Supply Voltages ... 
1.4Vto16V e LowNoise ... 25nV/VHz Typ atf = 1kHz 


macromodel — applies to TLC252, TLC252A, TLC252B 


$subekt. TLEZS2€ 1.2.34: 5 
* 

cl 11 12 8.392E-12 

c2 6 7 20.00E-12 


dc 5 - 53+ dx 
de 54 5 dx 
dlp 90 91 dx 
din 92 90 dx 
dp 4. 3-cx 


egnd 99 0 poly(2) (3,0) (4,0) 0 .5 .5 

fb 7 99 poly(5) vb ve ve vlp vin 0 1.845E6 -2E6 2E6 2E6 -2E6 
ga 6 01112 289.1E-6 

gcm 0 610 99 6.471E-9 

iss 3 10 dc 90.00E-6 

hlim 90 0O vlim 1K 

“7 si ieee ame |: Nee 

j | 


3 


j2 12 EO: 5% 

r2 6 9 100.0E3 

rdl 411 3.459E3 

rd2 412 3.459E3 

rol S35 35 

ro2 7 99-75 

rp 3 4 10.00E3 

rss 10 99 2.222E6 

vb 9 0 dc 0 

vc 3 53 de 1.400 
ve 54 4dc 1.400 
vim -7. 8 de 0 

vip\ 91.0 de 15 


vin 0. 92 de i5 
-model dx D(Is=800.0E-18) 
.model jx PJF(Is=500.0E-15 Beta=504E-6 Vto=-.1) 


Operational Amplifier Macromodels 


.ends 
Macromodels, simulation models, or other models A Copyright © 1990, Texas Instruments Incorporated 
provided by Tl, directly or indirectly, are not i} 
warranted by TI as fully representing all of the TEXAS 3-73 


specifications and operating characteristics of the 
semiconductor product to which the model relates. INST RUM ENTS 
POST OFFICE BOX 655303 + DALLAS, TEXAS 75265 
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TLO254C 
OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


A-Suffix Versions Offer 5-mV Vi9 True Single-Supply Operation 


e B-Suffix Versions Offer 2-mV Vio e Common-Mode Input Voltage Includes the 
e Wide Range of Supply Voltages ... eee rau 
1.4Vto16V e LowNoise ... 25 nV/VHz Typ atf = 1 kHz 


macromodel — applies to TLC254, TLC254A, TLC254B 


.subckt TLC254C 123 45 
* 

cl 11: 12.°8.392E-12 

c2 6 7 20.00E-12 


de 5 53 dx 
de 54 5 dx 
dlp 90 91 dx 
dln 92 90 dx 
dp 4 3 dx 


egnd 99 0O poly(2) (3,0) (4,0) 0 .5 .5 

fb 7 99 poly(5) vb vce ve vip vin 0 1.845E6 -2E6 2E6 2E6 -2E6 
ga 6 011 12 289.1E-6 

gcm 0 610 99 6.471E-9 

iss 3 10 de 90.00E-6 

hlim 90 0O vlim 1K 


j1 a a ee 

j2 E27 ShO 9s 

re 6 9 100.0E3 
rdl 4 11 3.459E3 
rd2 412 3.459E3 
rol S:*.5 75 

ro2 4-99/75 

rp 3 4 10.00E3 
rss 10 99 2.222E6 
vb 9: 0: de-0 

vc 3 53 de 1.400 
ve 54 4 dc 1.400 
vlim 7 8 de 0 

vip; 91-0 de 15 
vin 0 92 dc.15 


-model dx D(Is=800.0E-18) 


.model jx PJF(Is=500.0E-15 Beta=504E-6 Vto=-.1) 
.ends 
Macromodels, simulation models, or other models > Copyright © 1990, Texas Instruments Incorporated 
abhi i Sear or indirectly, ig = Ti 4 
warranted by as fully representing all of the 
3-74 _ specifications and operating characteristics of the EXAS 


semiconductor product to which the model relates. | N ST RU M ENTS 


POST OFFICE BOX 655303 » DALLAS, TEXAS 75265 


ae 2. 


TLE25L2C 
OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


A-Suffix Versions Offer 5-mV Vig e Common-Mode Input Voltage Includes the 


e B-Suffix Versions Offer 2-mV Vio Negative Rail 


e® Equivalent Input Noise Voltage ... 68 nV/VHz 


e Wide Range of Supply Voltages ... Typ at f = 1 kHz 


14Vto16V 
e True Single-Supply Operation 


macromodel — applies to TLC25L2, TLC25L2A, TLC25L2B 


.Subckt TLC25L2C 123 4 5 
% 

rem | Le Le 20. 7SR-1Z 

c2 6 7 20 /OOE-12 


dc §: 53 ax 
de 54 5 dx 
dlp 90 91 dx 
din 92 90 dx 
dp 4-3 dx 


egnd 99 0 poly(2) (3,0) (4,0) 0 .5 .5 

fb 7 99 poly(5) vb vc ve vlp vin 0 530.5E6 -500E6 500E6 500E6 -500E6 
ga 6. 0.172 12° 12 .57E=6 

gcm 0 610 99 281.4E-12 


3 


iss 3 10 de 800.0E-9 n 
hlim 90 O vlim 1K @ 
ak Meaeiea: e aRe S  a x) 
j2 12 110 5x = 
r2 6 9 100.053 5 
rdl 4 11 79.57E3 be 
rd2 4 12 79.57E3 = 
rol §=*:8:. 75 
ro2. 7 99 75 = 
rp = 3-4: 1.000E6 © 
rss 10 99 250.0E6 Ge 
vb 9 0 dc 0 ro 
ve 3 53 de 1.300 = 
ve 54 4 de 1.300 gt 
vlim 7 8 dc 0 
vip 91 0 de 15 ..} 
vin 0 92 de 15 ie 
-model dx D(Is=800.0E-18) S/ 
-model jx PJF(Is=500.0E-15 Beta=197E-6 Vto=-.1) re} 
.ends D 
o. 
oO 


Macromodels, simulation models, or other models 


provided by Tl, directly or indirectly, are not j 
warranted by Ti as fully representing all of the TEXAS 
specifications and operating characteristics of the 


semiconductor product to which the model relates. INST RUMENTS 


POST OFFICE BOX 655303 » DALLAS, TEXAS 75265 


Copyright © 1990, Texas Instruments Incorporated 


3-75 
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TLE25L4C 
OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


A-Suffix Versions Offer 5-mV Vio 


e B-Suffix Versions Offer 2-mV Vio @ Common-Mode Input Voltage Includes the 
Negative Rail 


True Single-Supply Operation 


e Wide Range of Supply Voltages ... 
1.4Vto16V e Equivalent Input Noise Voltage ... 68 nV/VHz 
Typ atf = 1 kHz 


macromodel — applies to TLC25L4, TLC25L4A, TLC25L4B 


.subckt TLC25L4C 123 4 5 
* 

cl 2S: 12 0: 73SE-i2 

c2 6.220: 908-12 

dc 5 53 dx 


din 92 90 dx 

dp 4° 3> dx 

egnd 99 0O poly(2) (3,0) (4,0) 0 .5 .5 

fb 7 99 poly(5) vb vc ve vip vin 0 530.5E6 -500E6 500E6 500E6 -500E6 
ga 6 011 12 12.57E-6 

gcm 0 610 99 281.4E-12 

iss 3 10 de 800.0E-9 

hlim 90 O vlim 1K 

31 Ld 2 40 9e 

j 1 


j2 12 10 4x 

r2 6 9 100.0E3 
rdl 411 79.57E3 
rd2 412 79.57E3 
rol & 5-75 

ro2 7 99 75 

rp 3 4 1.000E6 
rss 10 99 250.0E6 
vb Ss. 0;de-9 

ve 3. §3..de<1.300 
ve 54 .4 de 1.300 
viim.- 7. 6.de°O 

wi 01. -O..de25 
vin O- $2 -de 15 


.model dx D(Is=800.0E-18) 
-model jx PJF(Is=500.0E-15 Beta=197E-6 Vto=-.1) 


.ends 
Macromodels, simulation models, or other models = Copyright © 1990, Texas Instruments Incorporated 
provided by Tl, directly or indirectly, are not i} 
warranted by TI as fully representing all of the TEXAS 


3-76 _ specifications and operating characteristics of the 


semiconductor product to which the model relates. IN ST RUMENTS 


POST OFFICE BOX 655303 * DALLAS, TEXAS 75265 


| , TLC25M2C 
OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


A-Suffix Versions Offer 5-mV Vio @ Common-Mode Input Voltage Includes the 
Negative Rail 


e B-Suffix Versions Offer 2-mV Vio 
e LowNoise ... 32 nV/VHz Typ atf = 1 kHz 


e Wide Range of Supply Voltages ... 
14Vto16V 


e True Single-Supply Operation 


macromodel — applies to TLC25M2, TLC25M2A, TLC25M2B 


.subckt TLC25M2C 123 4 5 
% 

cl id 12-10. 73E=-12 

c2 6 7 20.00E-12 


de 5 53 dx 
de 54 5 dx 
dlp 90 91 dx 
din 92 90 dx 
dp 4 3 dx 


egnd 99 0 poly(2) (3,0) (4,0) 0 .5 .5 

fb 7 99 poly(5) vb vc ve vip vin 0 42.44E6 -40E6 40E6 40E6 -40E6 
ga 6 0 -33-12°87.S7E-6 

gcm 0 610 99 1.970E-9 

iss 3 10 de 12.00E-6 

hlim 90 0O vlim 1K 

eee 400%..2-° 20s 

j 1 


fe 


j2 i2 10 4x 

r2 6 9 100.0E3 
rdl £15 T1373 
rd2 4-12 11,3783 
rol S-5-75 

ro2 7 99 75 

rp 3 4 66.67E3 
rss 10 99 16.67E6 
vb o-- gs 0e-0 

ve 3°53. de> i2300 


ve 54° 4. de-.1 2300 
vlim .7._8:-dce 0 
vio..:91- O:de-15 
vin 0 92 de 15 
.model dx D(Is=800.0E-18) 
.model jx PJF(Is=500.0E-15 Beta=460E-6 Vto=-.1) 


Operational Amplifier Macromodels 


.ends 
Macromodels, simulation models, or other models : Copyright © 1990, Texas Instruments Incorporated 
provided by Tl, directly or indirectly, are not j, 
warranted by Tl as fully representing all of the TEXAS 


specifications and operating characteristics of the 3-77 
semiconductor product to which the model relates. INSTRUM E NTS 
POST OFFICE BOX 655303 » DALLAS, TEXAS 75265 


TLE25M4C 
OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


e A-Suffix Versions Offer 5-mV Vio e Common-Mode Input Voltage Includes the 
Negative Rail 


e B-Suffix Versions Offer 2-mV Vio 
e LowNoise ... 32 nV/VHz Typ atf = 1 kHz 


e Wide Range of Supply Voltages ... 
1.4Vto16V 


e True Single-Supply Operation 


macromodel — applies to TLC25M4, TLC25M4A, TLC25M4B 
.subckt TLC25M4C 1 2 3 4 5 
* 


cl Ee Skew AO: Taree 
c2 6 7 20.00E-12 


de 5 53 dx 
de 54 5 dx 
dlp 90 91 dx 
din 92 90 dx 
dp 4 3 dx 


egnd 99 0O poly(2) (3,0) (4,0) 0 .5 .5 

fb 7 99 poly(5) vb vc ve vip vin 0 42.44E6 -40E6 40E6 40E6 -40E6 
11 12 87.97E-6 

gcm 0 610 99 1.970E-9 

iss 3 10 de 12.00E-6 

hlim 90 O vlim 1K 

jl it 2-10* 4x 

j 1 


OO 
Q 
3) 
oy 
oO 


.-model dx D(Is=800.0E-18) 
.model jx PJF(Is=500.0E-15 Beta=460E-6 Vto=-.1) 
.ends 


O 

xe) 

@ 

PS 52 12 10 4x 
ob r2 6 9 100.0E3 
2) eet 4°11 114.3783 
= rd2 4 12 11.37E3 
— rol 8.545 

> ro2 7 99 75 

od rp 3 4 66.67E3 
a a | rss 10 99 16.67E6 
ome vb 9 0 dc 0 
O ve 3: 53> de .1,300 
“= ve 54 4 dec 1.300 
<= iim: <7: 8: de 0 

9) wap: 91-0 -de-i5 
© vin 0 92 de 15 
3 

© 

o. 

O 

7) 


Macromodels, simulation models, or other models 


provisos 0 bs ainecy or indirectly, pe “9 Ti ip 
warranted by as fully representing all of the 
3-78 _ specifications and operating characteristics of the EXAS 


semiconductor product to which the model relates. INSTRUMENTS 


POST OFFICE BOX 655303 » DALLAS, TEXAS 75265 


Copyright © 1990, Texas Instruments Incorporated 


TLC271C (HIGH BIAS) 
OPERATIONAL AMPLIFIER MACROMODEL 


e Input Offset Voltage Drift ... 0.1 uV/moTyp, e LowNoise ... 25nV/VHzatf = 1kHz 


Including the First 30 Days e Output Voltage Range Includes Negative Rail 


e Wide Range of Supply Voltages over 
Specified Temperature Range: © . High Input PApRGROEs, 2c: 101? © ds 
—55°C to 125°C ... 5Vto 16 V e ESD-Protection Circuitry 
—-40°C to 85°C ... 4Vto16V 
0O°C to 70°C ... 3Vto16V 


@ Single-Supply Operation 


@ Small-Outline Package Option Also Available 
in Tape and Reel 


e Designed-in Latch-Up Immunity 
e Common-Mode Input Voltage Range 

Extends Below the Negative Rail (C-Suffix, 

I-Suffix Types) 


macromodel — applies to TLC271, TLC271A, TLC271B 


.subckt TLC271H 123 45 
% 
cl 11 12 8.0E-12 
c2 6 .-.7-15.-00E-12 
dc 5 $3 dx 
de 54 5 dx 
dlp 90 91 dx 
dln 92 90 dx 
dp 4 3 dx 
egnd 99 0O poly(2) (3,0) (4,0) 0 .5 .5 
fb 7 99 poly(5) vb vec ve vlp vin 0 1.819E6 -2E6 2E6 2E6 -2E6 
ga 6.0.11 12 263. 9E-6 
gcm 0 610 99 14.84E-9 
iss 3 10 dc 69.00E-6 
hlim 90 0O vlim 1K 
j1 ti 3 ae 
2. 


j2 12 10 4x 

r2 6 9 100.0E3 

rdl 4 11 3.789E3 

rd2 412 3.789E3 

rol lee SI? 5 

ro2 7 99 75 

rp 3 4 10.53E3 

rss 10 99 2.899E6 

vb 9 -0 de 0 

ve 3 53.de 2,200 

ve 54 4dc.7 

viim-"7.-.8 de 0 

Vip. 91 ..0-de 25 

vin 0 92 de 25 
.model dx D(Is=800.0E-18) 


.model jx PJF(Is=350.0E-15 Beta=530E-6 Vto=0) 


Macromodels, simulation models, or other models 


provided by Tl, directly or indirectly, are not T i, 
EXAS 


warranted by Ti as fully representing all of the 
specifications and operating characteristics of the 


semiconductor product to which the model relates. INST RUM ENTS 


POST OFFICE BOX 655303 * DALLAS, TEXAS 75265 


Copyright © 1990, Texas Instruments Incorporated 


JANUARY 1990. 


3 


Operational Amplifier Macromodels 


3-79 


TLC271C (LOW BIAS) | 
OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


e Input Offset Voltage Drift ... 0.1 uV/moTyp, © Equivalent Input Noise Voltage ... 68 nV/VHz 


Including the First 30 Days atf = 1 kHz 
e Wide Range of Supply Voltages over @ Output Voltage Range Includes Negative Rail 
Specified Temperature Range: ; 12 
55°C to 125°C... 5Vto 16 V @ High Input Impedance ... 10'* Typ 
-40°C to 85°C ... 4Vto 16 V @ ESD-Protection Circuitry 
Mr re Fee Rea e Small-Outline Package Option Also Available 
@ Single-Supply Operation in Tape and Reel 
@ Common-Mode Input Voltage Range e Designed-in Latch-Up immunity 
Extends Below the Negative Rail (C-Suffix, 
l-Suffix Types) 


macromodel — applies to TLC271, TLC271A, TLC271B 


~eaubekt -TOC2Z71L 1 2.3 4:5 
* 

cl 11 12 9.602E-12 

c2 6. 7 15.00E-12 

dc S 53 ‘ax 
dx 
dlp 90 91 dx 
din 92 90 dx 
dp 4 3 dx 
egnd 99 0O poly(2) (3,0) (4,0) 0 .5 .5 
fb 7 99 poly(5) vb vc ve vip vin 0 1.119E9 -1E9 1E9 1E9 -1E9 
ga 6 01112 10.37E-6 
gcm 0 610 99 82.36E-12 
iss 3 10 de 600.0E-9 
hlim 90 O vlim 1K 
31 co Ne” a 0 is 

A 


OO 
o 
uo 
ic 
ul 


Oo 
5) 
© 
=— 
9) 
x 
3 
5 
= 
> 
3 
SZ 
+ 
© 
= 
s 
D 
° 
= 
° 
= 
° 
2. 
© 
” 


42. 12 10 jx 
sap 6 9 100.0E3 
rdl 4 11 96.45E3 
rd2 412 96.45E3 
rol S23 7S 
ro2 99745 
rp 3 4 714.3E3 
rss 10 99 333.3E6 
vb 9 O dc 0 
vce 5.a4 ae 1.300 
ve 54 4dc.7 
Viim:--7..8° de .0 
Woo: 8) ..0 ac: 25 
vin 0 92 de 25 
model dx D(Is=800.0E-18) 
.model jx PJUF(Is=350.0E-15 Beta=130.4E-6 Vto=0) 
ends 
Macromodels, simulation models, or other models . Copyright © 1990, Texas Instruments Incorporated 
provided by Tl, directly or indirectly, are not i} 
warranted by TI as fully representing all of the Ti 3 


3-80 _ specifications and operating characteristics of the 


semiconductor product to which the model relates. INSTRUMENTS 


POST OFFICE BOX 655303 » DALLAS, TEXAS 75265 


TLC271C (MEDIUM BIAS) 
OPERATIONAL AMPLIFIER MACROMODEL — 


JANUARY 1990 


e Input Offset Voltage Drift ... 0.1 uV/moTyp, e LowNoise ... 32nV/VHzatf = 1kHz 


Se eras ways e Output Voltage Range Includes Negative Rail 


e Wide Range of Supply Voltages over : 
Specified Temperature Range: ¢ High Input Impedance ... 1017 0 ye 
-—55°C to 125°C ... 5Vto16V e ESD-Protection Circuitry 
-40°C to 85°C ... 4Vto 16 V 
0O°C to 70°C ... 3Vto16V 


@ Single-Supply Operation 


@ Small-Outline Package Option Also Available 
in Tape and Reel 


@ Designed-in Latch-Up immunity 
e Common-Mode Input Voltage Range 

Extends Below the Negative Rail (C-Suffix, 

l-Suffix Types) 


macromodel — applies to TLC271, TLC271A, TLC271B 


Subekt- TLOZ7TIM 1. 2°3°4-5 
* 


cl 11 12 12.044E-12 
c2 6 7 15.00E-12 

dc 5 53° ax 3 
de 54 5 dx 

dlp 90 91 dx 

dln 92 90 dx iA 
dp 4 3 dx © 
egnd 99 0 poly(2) (3,0) (4,0) 0 .5 .5 aa 
fb 7 99 poly(5) vb vc ve vlp vin 0 38.90E6 -40E6 40E6 40E6 -40E6 2) 
ga 6 0 11 12 94.26E-6 = 
gem 0 610 99 1.058E-9 ° 
iss 3 10 de 8.400E-6 re) 
hlim 90 0O viim 1K © 
jl 11 210 4x = 
SF eee owas hee Bs ie ne 
r2 6 9 100.053 o 
rdl1 4 11 10.6153 = 
rd2 4 12 10.6153 ree 
rol 8 575 ~ 
ro2. 7 99 75 <6 
rp 3 4 69.93E3 a 
rss 10 99 23.81E6 
vb 9 0dc 0 ro) 
vc 83-53 de 2 eer) 
ve 54 4dc.7 © 
vlim 7 8 dc 0 @ 
vip 91 0 de 25 oS 
vin 0 92 de 25 
model dx D(Is=800.0E-18) 


.model jx PJF(Is=350.0E-15 Beta=515E-6 Vto=0.05) 


Macromodels, simulation models, or other models Copyright © 1990, Texas Instruments Incorporated 


provided by Tl, directly or indirectly, are not j 
ble by TI _ a ropeesniiey = e TEXAS 
specifications and operating characteristics of the 
semiconductor product to which the model relates. INSTRUMENTS 
POST OFFICE BOX 655303 » DALLAS, TEXAS 75265 


3-81 


TLO272 
OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


input Offset Voltage: Common-Mode Input Voltage Range Extends 


TLC272B ... 2 mV Max at 25°C, Below the Negative Rail (C-Suffix, I-Suffix 
Vpp = 5V Types) 
e Input Offset Voltage Drift ... 0.1 uV/mo e LowNcise ... 25nV/VHzatf = 1 kHz 


Solis hse, Bas gat ae ates e Output Voltage Range Includes Negative Rail 


e Wide Range of Supply Voltages over 
Specified Temperature Range: 
-—55°C to 125°C ...4Vto16V e ESD-Protection Circuitry 
-40°C to 85°C ... 4Vto 16 V 
O°C to 70°C ... 3Vto16V 


Single-Supply Operation 


e High Input Impedance ... 1012 Q Typ 


e Smali-Outline Package Option Also Available 
in Tape and Reel 


e Designed-in Latch-Up Immunity 


macromodel — applies to TLC272, TLC272A, TLC272B 


.subckt TLC272 22334 S 
* 

cl 11 12 8.0E-12 

c2 6 7 15.00E-12 


3 de 5 53 dx 
; de 54 5 dx 
dlp 90 91 dx 
© din 92 90 dx 
x) dp 4 3 dx 
e egnd 99 0 poly(2) (3,0) (4,0) 0.5.5 
ah fb 7 99 poly(5) vb vc ve vip vin 0 1.819E6 -2E6 2E6 2E6 -2E6 
roi ga 6 011 12 263.9E-6 
a gcm 0 610 99 14.84E-9 
a2 iss 3 10 dc 69.00E-6 
> hlim 90 0 vlim 1K 
5 jl 11 210 3x 
5 j2 12 110 3x 
en r2 6 9 100.053 
oa: rdl 411 3.78953 
@ rd2 4 12 3.789E3 
= rol a3 -75 
ro2 7 99 75 
. rp 3 4 10.53E3 
a rss 10 99 2.899E6 
3 vb 9 0 dc 0 
5 ve 3.53 de 2.200 
2. ve 54 4dc.7 
oO vlim 7 8 de 0 
” vip 91 0 de 25 


vin 0 92 de 25 
.model dx D(Is=800.0E-18) 
.model jx PJF(Is=350.0E-15 Beta=530E-6 Vto=0) 


.ends 
Macromodels, simulation models, or other models rn Copyright © 1990, Texas Instruments Incorporated 
provided by Tl, directly or indirectly, are not j, 
warranted by TI as fully representing all of the 


3-82 specifications and operating characteristics of the 


semiconductor product to which the model relates. INSTRUMENTS 


POST OFFICE BOX 655303 * DALLAS, TEXAS 75265 


TLO274 
OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


e Input Offset Voltage: @ Common-Mode Input Voltage Range Extends 
TLC274B ... 2mvV Max at 25°C, Below the Negative Rail (C-Suffix, I-Suffix 
Vpp = 5V Types) 

e Input Offset Voltage Drift ... 0.1 uV/mo e LowNoise ... 25nV/VHzatf = 1 kHz 


SNE) CCI NE ee ee eee @ Output Voltage Range Includes Negative Rail 


e Wide Range of Supply Voltages over : 
Specified Temperature Range: ° High Input Impedance ... 1012.0 Typ 
—-55°C to 125°C ...4Vto 16 V e ESD-Protection Circuitry 
—40°C to 85°C ... 4Vto 16 V 
O°C to 70°C ... 3Vto16V 


@ Single-Supply Operation 


@ Small-Outline Package Option Also Available 
in Tape and Reel 


e Designed-in Latch-Up Immunity 


macromodel — applies to TLC274, TLC274A, TLC274B 


.subckt TLC274 1-23 &"S 
* 

cl 11 12 8.0E-12 

c2 6 7 15.00E-12 


de 5 53 dx 
de 54 5 dx 
dlp 90 91 dx 
din 92 90 dx 
dp 4 3 dx 


egnd 99 0 poly(2) (3,0) (4,0) 0 .5 .5 
fb 7 99 poly(5) vb vc ve vlp vin 0 1.819E6 -2E6 2E6 2E6 -2E6 
ga 6 01112 263.9E-6 
gcm 0 610 99 14.84E-9 
iss 3 10 dc 69.00E-6 
hlim 90 O vlim 1K 
31 Lk. 2 Se 
sf 


Operational Amplifier Macromodels e 


j2 12 p48 By 2 
r2 6 9 100.0E3 
rdl 411 3.789E3 
rd2 412 3.789E3 
rol S.- 5-5 
ro2 7. S975 
rp 3-4. 10,5323 
rss 10 99 2.899E6 
vb Ai a Fe 
ve 3 33.-de 2.200 
ve 54.4 de .7 
viim = 7. 8 de 0 
vip. -$1-. 0 :de‘25 
vin 0 92 de 25 
model dx D(Is=800.0E-18) 
.model jx PJF(Is=350.0E-15 Beta=530E-6 Vto=0) 
ends 
Macromodels, simulation models, or other models = Copyright © 1990, Texas Instruments Incorporated 
provided by Tl, directly or indirectly, are not f, 
warranted by Ti as fully representing all of the 4 


specifications and operating characteristics of the 3-83 
semiconductor product to which the model relates. INSTRUM ENTS 
POST OFFICE BOX 655303 « DALLAS, TEXAS 75265 


TLO277 
OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


. 500 wV Max @ LowNoise ... 25nV/VHzatf = 1 kHz 
e Output Voltage Range Includes Negative Rail 


Trimmed Offset Voltage .. 
at 25°C, Vpp = 5V 


® Input Offset Voltage Drift ... 0.1 1.V/mo 
Typ, Including the First 30 Days 


e High Input Impedance ... 1012 Q Typ 
e Wide Range of Supply Voltages over © SOR ee ees 
Specified Temperature Range: @ Small-Outline Package Option Also Available 
-—55°C to 125°C ...4Vto16V in Tape and Reel 
-40°C to 85°C ... 4Vto 16 V 
O°C to 70°C ... 3Vto16V 


e Single-Supply Operation 


e Designed-in Latch-Up Immunity 


e Common-Mode Input Voltage Range 
Extends Below the Negative Rail (C-Suffix, 
l-Suffix Types) 


macromodel — applies to TLC277 


-subckt TLC277 Lts2 38 4 5 
* 

cl 11 12 6.521E-12 

c2 6 >= 7..35.008=-12 


3 


de 5 53 dx 
Oo de 54 5 dx 
= dip 90 91 dx 
as dln 92 90 dx 
o dp 4 3 dx 
oy egnd 99 0 poly(2) (3,0) (4,0) 0 .5 .5 
S fb 7 99 poly(5) vb ve ve vip vin 0 1.664E6 -2E6 2E6 2E6 -2E6 
a ga 6 011 12 254.5E-6 
> gem 0 6 10 99 14.31E-9 
5 iss 3 10 de 69.00E-6 
5 hlim 90 0 vlim 1K 
— a ho 2a x 
= 42° 12 = 1-10. 9x 
@ r2.-6-=« 9: 100.0E3 
= rdil 4 11 3.929E3 
ms rd2 412 3.92953 
ro} rol a:- 3:95 
CG ro2. 7 99 85 
3 xp 3 4 10.53E3 
5 rss 10 99 2.899E6 
o. vb 9 0 dc 0 
oO ve 3 $3. de 2°20 
” ve 54 4dc 0.7 

vlim 7 8 dc 0 

vlp 91 0 de 20 

vin 0 92 de 20 

.model dx D(Is=800.0E-18) 


.model jx PJF(Is=350.0E-15 Beta=600E-6 Vto=0) 


Macromodels, simulation models, or other models ‘ 
provided by Tl, directly or indirectly, are not i} 
warranted by TI as fully representing all of the TEXAS 
3-84 _ specifications and operating characteristics of the | 
semiconductor product to which the model relates. NSTRUMENTS 
POST OFFICE BOX 655303 » DALLAS, TEXAS 75265 


Copyright © 1990, Texas Instruments Incorporated 


TLC279 
OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


. 900 pV Max e LowNoise ... 25nV/VHzatf = 1 kHz 
e Quiput Voltage Range Includes Negative Rai! 


Trimmed Offset Voltage .. 
at 25°C, Vpp = 5V 


e Input Offset Voltage Drift ... 0.1 uV/mo : 12 
Typ, Including the First 30 Days © High Input Impedance, 0 As ee 
e Wide Range of Supply Voltages over © ESO ee 
Specified Temperature Range: e Small-Outline Package Option Also Available 
-55°C to 125°C ...4Vto16V in Tape and Reel 
-40°C to 85°C ... 4Vto 16 V 


O°C to 70°C ... 3Vto16V 
e Single-Supply Operation 


e Designed-in Latch-Up Immunity 


e Common-Moade Input Voltage Range 
Extends Below the Negative Rail (C-Suffix, 
l-Suffix Types) 


macromodel — applies to TLC279 


.subckt TLC279 s+ 2a. 4 5 
* 

ot 42-126. 521E=12 

cz 6 7-15, 90R=22 


dc S: 53. dx 
de 54° 5 dx 
dlp 90 91 dx 
dln 92 90 dx 
dp 4 3 dx 


egnd 99 0O poly(2) (3,0) (4,0) 0 .5 .5 

fb 7 99 poly(5) vb vc ve vlp vln 0 1.664E6 -2E6 2E6 2E6 -2E6 
ga 6 011 12 254.5E-6 

gcm 0 610 99 14.31E-9 

iss 3 10 de 69.00E-6 

hlim 90 O vlim 1K 

31 23° 2730 (4x 

j 1 


42 12 10 4x 
r2 6 9 100.0E3 
rdl 411 3.929E3 
rd2 412 3.929E3 
rol S71 585 

ro2 7 99 85 

rp 3. 4° 16:..53535 
rss 10 99 2.899E6 
vb S- 0-de 0 

ve 3°53 de 2.20 
ve 54.4 de: 0.7 
Vist  B. de. 0 
Vip ..9i---0" de 20 


vin 0 92 de 20 
.model dx D(Is=800.0E-18) 
.model jx PJF(Is=350.0E-15 Beta=600E-6 Vto=0) 


.ends 
Macromodels, simulation models, or other models ” Copyright © 1990, Texas Instruments Incorporated 
provided by Ti, directly or indirectly, are not i} 
warranted by Tl as fully representing all of the 


specifications and operating characteristics of the 
semiconductor product to which the model relates. INST RUM ENTS 
POST OFFICE BOX 655303 * DALLAS, TEXAS 75265 


3 


Operational Amplifier Macromodeis 


3-85 


TLO27L2 
OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


e Input Offset Voltage: e Ultralow Power ... 100 uW Typ at 25°C, 
TLC27L2B ... 2mV Max at 25°C, Vpp = 5V 
Vpp = 5V 


e Output Voltage Range Includes Negative Rail 
e Input Offset Voltage Drift ... 0.1 1.V/mo 12 
Typ, Including the First 30 Days 2 ERG pEE Eee eee 
e Wide Range of Supply Voltages over 0 - RSPR rotectinn  ieuary 
Specified Temperature Range: @e Smail-Outline Package Option Also Available 
-55°C to 125°C ...4Vto16V in Tape and Reel 
—-40°C to 85°C ... 4Vto 16 V 


O°C to 70°C ... 3Vto 16V 
@ Single-Supply Operation 


@ Designed-in Latch-Up Immunity 


e Common-Mode Input Voltage Range 
Extends Below the Negative Rail (C-Suffix, 
l-Suffix Types) 
macromodel — applies to TLC27L2, TLC27L2A, TLC27L2B 
ssubckt TLC27L2..1.2°3.°4 5 


* 
3 ei 11 12 8.002E-12 
c2 6 7 15.00E-12 
(@) dc 5 53:dx 
xo) de 54 5 dx 
@ dlp 90 91 dx 
© din 92 90 dx 
roy dp 4 3 dx 
| egnd 99 0 poly(2) (3,0) (4,0) 0 .5 .5 
a fb 7 99 poly(5) vb vc ve vlp vin 0 975.8E6 -1E9 1E9 1E9 -1E9 
ga 6..0- 32:22 20; S7E=6 
> gcm 0 610 99 146.5E-12 
3 iss 3 10 de 600.0E-9 
Rs hlim 90 0 vlim 1K 
mtr 31 14: 2.20 32 
@ > eae © eee ei a 
r2 6 9 100.0E3 
= rdl 411 96.45E3 
a rd2 4 12 96.45E3 
—_ rol 2: S485 
© ro2 7 99 85 
as rp 3 4 689.7E3 
- rss 10 99 333.3E6 
@ vb oa D 
7 ve 353 de 1.650 
ve BE. 4 Ge 7 
viim 7. 8 de 0 
wip 91 <0 de.20 
vin 0 92 de 20 
model dx D(Is=800.0E-18) 
model jx PJUF(Is=350.0E-15 Beta=200E-6 Vto=0) 
ends 
Macromodels, simulation models, or other models s Copyright © 1990, Texas Instruments Incorporated 
provided by Tl, directly or indirectly, are not A, 
warranted by Tl as fully representing all of the TE 4s 


3-86 specifications and operating characteristics of the 


semiconductor product to which the model relates. IN ST RU M E NTS 


POST OFFICE BOX 655303 + DALLAS, TEXAS 75265 


TLC27L4 
OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


Input Offset Voltage: e@ Ultralow Power ... 195 wW Typ at 25°C, 
TLC27L4B ... 2 mV Max at 25°C, Vpp = 5V 
Vpp = 5V 


e Input Offset Voltage Drift ... 0.1 uV/mo 
Typ, Including the First 30 Days 


e Wide Range of Supply Voltages over 


e Output Voltage Range Includes Negative Rail 
e High Input Impedance ... 1012 Q Typ 
e ESD-Protection Circuitry 


Specified Temperature Range: @ Small-Outline Package Option Also Available 
—55°C to 125°C ...4Vto16V in Tape and Reel 
—40°C to 85°C ... 4Vto16V 


o°C to 70°C ... 3Vto 16 V 


e Designed-in Latch-Up Immunity 


@ Single-Supply Operation 


@ Common-Mode Input Voltage Range 
Extends Below the Negative Rail (C-Suffix, 


l-Suffix Types) 


macromodel — applies to TLC27L4, TLC27L4A, TLC27L4B 
.subckt TLC27L4 123 45 


* 
c1 


11 


12 


iy © ul hb 
ors & WW OW) 0 & BO 


jx 


12 
4 


92 


8 .002E-12 
15.00E-12 

dx 

dx 

dx 

dx 

dx 

poly. (2):--(379):.. (4,Q),..0-<. 5-35 
poly(5) vb vc ve vlp vin 0 975.8E6 -1E9 1E9 1E9 -1E9 
11 12 10.37E-6 
10 99 146.5E-12 
dc 600.0E-9 
vlim 1K 

10 4x 

10 4x 

100.0E3 

96.45E3 

96.45E3 

85 

85 

689.7E3 

333 .3E6 

dc 0 

dc 1.650 

ae 57 

dc 0 

dc 20 

dc 20 


D (Is=800. 0E-18) 
PJF (Is=350.0E-15 Beta=200E-6 Vto=0) 


Macromodels, simulation models, or other models 
provided by Tl, directly or indirectly, are not 
warranted by Tl as fully representing all of the 
specifications and operating characteristics of the 


semiconductor product to which the model relates. i NST RUM ENTS 


ji Copyright © 1990, Texas Instruments Incorporated 


POST OFFICE BOX 655303 » DALLAS, TEXAS 75265 


Operational Amplifier Macromodels be 


3-87 


TL€27L7 


JANUARY 1990 


e Trimmed Offset Voltage ... 500 u.V Max 
at 25°C, Vpp = 5V 


e Input Offset Voltage Drift ... 0.1 u.V/mo 
Typ, Including the First 30 Days 


e Wide Range of Supply Voltages over 
Specified Temperature Range: 
-—55°C to 125°C ...4Vto16V 
-—40°C to 85°C ... 4Vto 16 V 
0O°C to 70°C ... 3Vto 16 V 


e Single-Supply Operation 


e Common-Mode Input Voltage Range 
Extends Below the Negative Rail (C-Suffix, 
I-Suffix Types) 


macromodel — applies to TLC27L7 


<@ubckt TLC2Z7L7. 1.23 4-5 
* 


OPERATIONAL AMPLIFIER MACROMODEL 


Ultralow Power ... 100 uW Typ at 25°C, 
Vpp = 5V 


Output Voltage Range Includes Negative Rail 


High Input Impedance ... 1012.0 Typ 
ESD-Protection Circuitry 


Smail-Outline Package Option Also Available 
in Tape and Reel 


Designed-in Latch-Up Immunity 


3 cl 11 12 8.002E-12 
c2 6 7 15.00E-12 
dc 5 53 “ae 
O de 54 5 dx 
= dip 90 91 dx 
“ din 92 90 dx 
2 dp 4 3 dx 
oO egnd 99 0 poly(2) (3,0) (4,0) 0 .5 .5 : 
| fb 7 99 poly(5) vb vc ve vlp vin 0 975.8E6 -1E9 1E9 1E9 -1E9 
2 ga 6 011 12 10.372-6 
> gcm 0 610 99 146.5E-12 
3 iss 3 10 dc 600.0E-9 
“- hlim 90 O vlim 1K 
= 402. 14. <2 -10- 4 
pe 4a 1-2-1 10-49% 
@ r2.«6-—« 9: 100.03 
= rdl 411 96.4553 
5 rd2 412 96.4553 
ro) rol 6 5-85 
Ps ro2 7 99 85 
S rp 3 4 689.7E3 
ras rss 10 99 333.3E6 
iso Bl vb 9 0 dc 0 
oO ve 3 53 dc 1.650 
” ve 54 4dc.7 
Viinm.. v8 deo 
Vip $1. 0-d¢ 20 
vin 0 92 de 20 
model dx D(Is=800.0E-18) 


-model jx PJF(Is=350.0E-15 Beta=200E-6 Vto=0) 


Macromodels, simulation models, or other models = Copyright © 1990, Texas Instruments Incorporated 
provided by Tl, directly or indirectly, are not ji, 
warranted by Ti as fully representing all of the TEXAS 
3-88 specifications and operating characteristics of the [ 
semiconductor product to which the model relates. NSTRUM ENTS 


POST OFFICE BOX 655303 » DALLAS, TEXAS 75265 


TLC27L9 
OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


e Trimmed Offset Voltage ... 900 uV Max e Ultralow Power ... 195 uW Typ at 25°C, 
at 25°C, Vpp = 5 V Vpp = 5V 
e Input Offset Voltage Drift ... 0.1 uV/mo e Output Voltage Range Includes Negative Rail 


Typ, Including the First 30 Days e High Input Impedance ... 1012.0 Typ 


e Wide Range of Supply Voltages over 
Specified Temperature Range: 
-55°C to 125°C ...4Vto16V e Small-Outline Package Option Also Available 
-40°C to 85°C ... 4Vto 16 V in Tape and Reel 
O°C to 70°C ... 3Vto16V 


® Single-Supply Operation 


e ESD-Protection Circuitry 


e Designed-in Latch-Up immunity 


e Common-Mode Input Voltage Range 
Extends Below the Negative Rail (C-Suffix, 
!-Suffix Types) 


macromodel — applies to TLC27L9 
.subckt TLC27L9 123 45 


* 


3 


ez 11 12 8.002E-12 
c2 6 7 15.00E-12 


de 5 53 dx 
de 54 5 dx 
dlp 90 91 dx 
dln 92 90 dx 
dp 4 3 dx 


egnd 99 0 poly(2) (3,0) (4,0) 0 .5 .5 

fb 7 99 poly(5) vb vc ve vlp vin 0 975.8E6 -1E9 1E9 1E9 -1E9 
ga 62 0 31-°12.30. 378-6 

gcm 0 610 99 146.5E-12 

iss 3 10 de 600.0E-9 

hlim 90 O vlim 1K 

j1 Pi 220 ae 

j 1 


Operational Amplifier Macromodels 


j2 i2 10 4x 
r2 6 9 100.0E3 
rdl 4 11 96.45E3 
rd2 412 96.45E3 
rol 6... 53835 

ro2 7 99 85 

rp 3 4 689.7E3 
rss 10 99 333.3E6 
vb 9° 0 -de 0 

vc 383: de 1650 
ve 54> 4-60.79 
vlim. 7 8 de 0 
vip - $1/. 0 dé.20 


vin 0 92 de 20 
.model dx D(Is=800.0E-18) 
-model jx PJF(Is=350.0E-15 Beta=200E-6 Vto=0) 
.ends 


Macromodels, simulation models, or other models Copyright © 1990, Texas Instruments Incorporated 
provided by Ti, directly or indirectly, are not A, 
warranted by Tl as fully representing all of the TEXAS 
specifications and operating characteristics of the | 3-89 
semiconductor product to which the model relates. NSTRUM ENTS 

POST OFFICE BOX 655303 » DALLAS, TEXAS 75265 


TLC27M2 
OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


© Input Offset Voltage: ‘@ Common-Mode Input Voltage Range Extends 
TLC27M2B ... 2mV Max at 25°C, Below the Negative Rail (C-Suffix, !-Suffix 
Vpp = 5V Types) 

e Input Offset Voltage Drift ... 0.1 uV/mo e LowNoise ... 32 nV/VHz Typ atf = 1 kHz 


eye na uie Fier oy Vays e Output Voltage Range Includes Negative Rail 


e Wide Range of Supply Voltages over 
Specified Temperature Range: 
—55°C to 125°C ...4Vto16V e ESD-Protection Circuitry 
—40°C to 85°C ... 4Vto16V 
O°C to 70°C ... 3Vto16V 


Single-Supply Operation 


e High Input Impedance ... 10!2 0 Typ 


@ Small-Outline Package Option Also Available 
in Tape and Reel 


e Designed-in Latch-Up Immunity 


macromodel — applies to TLC27M2, TLC27M2A, TLC27M2B 


peubpeat  TLCZ7MZ° -1 2:3 4-5 
* 
cl 11 12 12.044E-12 
c2 6 2:7: -15<00E=i2 


3 dc 5. 53: dx 
de 54 . 3.x 
dip 90 91 dx 
O din 92 90 dx 
eo dp 4 3 dx 
ry egnd 99 0O poly(2) (3,0) (4,0) 0 .5 .5 
@ £b 7 99 poly(5) vb vc ve vip vin 0 38.14E6 -40E6 40E6 40E6 -40E6 
oO ga 6 01112 84.83E-6 
=) gom 0 610 99 1.693E-9 
s iss 3 10 de 8.400E-6 
> hiim 90 0O vlim 1K 
3 a je ee” dea 3 | ie 
oat j2 Ee) cd 1O: x 
— r2 6 9 100.0E3 
aH rdl. 4 11 :11.79E3 
@ rd2. 4.12 11.793 
= rol S:- S8S 
ro2 7 99 85 
= rp 3 4 69.93E3 
5 rss 10 99 23.81E6 
3 vb S°. 6: de 6 
ro) vc 3. 53°de-2 
Q. ve 54 4dc.7 
Oo vlim 7:8 de 0 
1) vip 91 0 de 20 
vin 0 92 de 20 
model dx D(Is=800.0E-18) 
-model jx PJF(Is=50.00E-15 Beta=475E-6 Vto=0) 
ends 1 
Macromodels, simulation models, or other models ” Copyright © 1990, Texas Instruments Incorporated 
provided by Tl, directly or indirectly, are not y} 
warranted by Tl as fully representing all of the 4 


3-90 specifications and operating characteristics of the 


semiconductor product to which the model relates. INSTRUM ENTS 


POST OFFICE BOX 655303 + DALLAS, TEXAS 75265 


| TLO27M4 
OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


Input Offset Voltage: e LowNoise ... 32nV/VHz Typatf = 1 kHz 
Lae niet Aree gs ph ations a @ Low Power ... 2.1 mW Typ at 25°C, 
Vpp = 5V Vpp = 5V 


e Input Offset Voltage Drift ... 0.1 uV/mo : 
Typ, Including the First 30 Days e Output Voltage Range Includes Negative Rail 


12 
e Wide Range of Supply Voltages over © Flan Wnpe er ercecas eer cere 


Specified Temperature Range: @ ESD-Protection Circuitry 
-—55°C to 125°C ...4Vto16V 
—-40°C to 85°C ... 4Vto 16 V 

O°C to 70°C ... 3Vto 16 V 


@ Single-Supply Operation 


@ Small-Outline Package Option Also Available 
in Tape and Reel 


@ Designed-in Latch-Up Immunity 
@¢ Common-Mode Input Voltage Range 
Extends Below the Negative Rail (C-Suffix, 
l-Suffix Types) 
macromodel — applies to TLC27M4, TLC27M4A, TLC27M4B 


.subckt TLC27M4 1234 5 
* 


cl 11 12 12.044E-12 
c2 6° 7 15.00E-12 
dc > 53 ..ce 

de 54 5 dx 

dip 90 91 dx 

dln 92 90 dx 

dp 4 3 dx 


egnd 99 0 poly(2) (3,0) (4,0) 0 .5 .5 
fb 7 99 poly(5) vb ve ve vlp vin 0 38.14E6 -40E6 40E6 40E6 -40E6 
ga 6 011 12 84.83E-6 
gcm 0 610 99 1.693E-9 
iss 3 10 de 8.400E-6 
hlim 90 O vlim 1K 
j1 EE eee ae 
1 


42 ke pis Bg 

r2 6 9 100.0E3 

rdl 4-11.43. 9983 

rd2 A T2110 7SES 

rol Ss = 5.85 

ro2 7 99 85 

rp 3 4 69.93E3 

rss 10 99 23.81E6 

vb So. Gide 0 

ve 2 55 CC 2 

ve Sa? Sec 7 

Tiina 7-3. ae-0 

wan SL. O°de 20 

vin 0 92 de 20 
model dx D(Is=800.0E-18) 
model jx PJF(Is=50.00E-15 Beta=475E-6 Vto=0) 


3 


Operational Amplifier Macromodels 


Macromodels, simulation models, or other models C Copyright © 1990, Texas Instruments Incorporated 
provided by Tl, directly or indirectly, are not y} 
warranted by Tl as fully say eens all of the 3-94 


specifications and operating characteristics of the 
semiconductor product to which the model relates. INST RUMENTS 
POST OFFICE BOX 655303 » DALLAS, TEXAS 75265 


TLO27M7 


OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


Trimmed Offset Voltage .. 
at 25°C, Vpp = 5V 


e Input Offset Voltage Drift ... 0.1 uV/mo 
Typ, Including the First 30 Days 


. 500 nV Max 


e Wide Range of Supply Voitages over 
Specified Temperature Range: 
-55°C to 125°C ...4Vto16V 
-40°C to 85°C ... 4Vto 16 V 
O°C to 70°C ... 3Vto 16V 


@ Single-Supply Operation 


e Common-Mode Input Voltage Range 
Extends Below the Negative Rail (C-Suffix, 
l-Suffix Types) 


macromodel — applies to TLC27M7 


3 


SJOPOWOIIe|A] JOIdwWy jeuoineiodo 


.subckt TLC27M7 123 45 
* 


cl 11 12 12.044E-12 
c2 6 7 15.00E-12 
dc 5 53 6x 

de 54.5 dx 

dlp 90 91 dx 

din 92 90 dx 

dp a 3 Gx 


egnd 99 0 poly(2) (3,0) (4,0) 0 


Low Noise ... 32 nV/VHz Typ atf = 1 kHz 
Low Power ... 2.1 mW Typ at 25°C, 

Vpp = 5V 

Output Voltage Range Includes Negative Rail 


.. 1012.0 Typ 
ESD-Protection Circuitry 


High Input Impedance . 


Small-Outline Package Option Also Available 
in Tape and Reel 


Designed-In Latch-Up Immunity 


fb 7 99 poly(5) vb vc ve vip vin 0 38.14E6 -40E6 40E6 40E6 -40E6 


ga 6 0 1112 84.83E-6 
gcm 0 610 99 1.693E-9 
iss 3 10 de 8.400E-6 
hlim 90 0O vlim 1K 
ay ea 220 9s 

1 


j2 12 10 4x 
r2 6 9 100.0E3 
rdl 4 11 11.79E3 
rd2 4 12 11.79E3 
rol S°3:-85 
Toes 7: 99-85 
rp 3 4 69.93E3 
rss 10 99 23.81E6 
vb 9 -0--de.0 
ve 3°53. de-2 
ve §4-°-4-da~.7 
viim. 7 - 8: de -0 
vip 91.0 de 20 
vin 0 92 de 20 
.model dx D(Is=800.0E-18) 


-model jx PJF(Is=50.00E-15 Beta=475E-6 Vto=0) 


3-92 


Macromodels, simulation models, or other models - Copyright © 1990, Texas Instruments Incorporated 
provided by Tl, directly or indirectly, are not j, 

warranted by Tl as fully representing all of the TEXAS 

specifications and operating characteristics of the | 

semiconductor product to which the model relates. NST RUMENTS 


POST OFFICE BOX 655303 + DALLAS, TEXAS 75265 


TLO27M9 
OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


Trimmed Offset Voltage ... 900 .V Max e LowNoise ... 32nV/VHz Typ atf = 1kHz 


at eo NEY e Low Power ... 2.1 mW Typ at 25°C, 
e Input Offset Voltage Drift ... 0.1 .V/mo Vpp = 5V 
Typ, Including the First 30 Days 


e Output Voltage Range Includes Negative Rail 
e Wide Range of Supply Voltages over i 12 
Specified Temperature Range: 9. PAGE DUE IRIBOCHRCS ces ate 
-55°C to 125°C ...4Vto16V e ESD-Protection Circuitry 
-40°C to 85°C ... 4Vto 16 V 
O°C to 70°C ... 3Vto 16 V 


e Single-Supply Operation 


e Small-Outline Package Option Also Available 
in Tape and Reel 


e Designed-in Latch-Up Immunity 
e Common-Mode Input Voltage Range 

Extends Below the Negative Rail (C-Suffix, 

l-Suffix Types) 


macromodel — applies to TLC27M9 


.subckt TLC27M9 123 4 5 
* 


cl 11 12 12.0448-12 3 
c2 6 7 15.00E-12 

de 5 53 dx 

de 54 5 dx 

dlp 90 91 dx 

dln 92 90 dx 

dp 4 3 dx 


egnd 99 0O poly(2) (3,0) (4,0) 0 .5 .5 
fb 7 99 poly(5) vb vce ve vip vin 0 38.14E6 -40E6 40E6 40E6 -40E6 
ga 6 011 12 84.83E-6 
gcm 0 610 99 1.693E-9 
iss 3 10 de 8.400E-6 
hlim 90 O vlim 1K 
j1 Id. 2°10 5x 
1 


Operational Amplifier Macromodels 


j2 12 10 jx 
r2 6 9 100.0E3 
rdl 4-11 ‘11... 79E3 
rd2 412 11.79E3 
rol S25 85 
ro2 7 99 85 
rp 3 4 69.93E3 
rss 10 99 23.81E6 
vb oe O- ae 70 
vc 3:53 dc 2 
ve 54° 4:-dce°.7 
Wham? 6 de. 
vlp 91 0 de 20 
vin 0 92 dc 20 
model dx D(Is=800.0E-18) 
model jx PJF(Is=50.00E-15 Beta=475E-6 Vto=0) 
ends ‘ 
Macromodels, simulation models, or other models ms Copyright © 1990, Texas Instruments Incorporated 
provided by Tl, directly or indirectly, are not y} 
warranted by Ti as fully representing all of the Ti wi 


3-93 


specifications and operating characteristics of the 


semiconductor product to which the model relates. INSTRUM ENTS 


POST OFFICE BOX 655303 » DALLAS, TEXAS 75265 


TLO1078 
OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 
Power Dissipation as Low as 10 pW Typ per 
Amplifier 


Operates on a Single Silver-Oxide Watch 
Battery, Vpp = 1.4 V Min 


Vio --- 450 wV Max in DIP and Smail- 
Outline Package 


input Offset Voltage Drift ... 0.1 uV/moTyp, 
Including the First 30 Days 


High-impedance LinCMOS™ Inputs ... 
lip = 0.6 pA Typ 


High Open-Loop Gain ... 850,000 Typ 
Output Drive Capability > 20 mA 
Slew Rate ... 47 V/ms Typ 


Common-Mode Input Voltage Range Extends 
Below the Negative Rail 


Output Voltage Range Includes Negative Rail 
ESD-Protection Circuitry 


Small-Outline Package Option Also Available 
in Tape and Reel 


macromodel — applies to TLC1078 


ubpeckt TLCLO7S 1:°2:.35 4.5 
* 


e1 11 12 14.602E-12 
c2 6 7 15.00E-12 
de 5 53 dx 

de 54 5 dx 

dlp 90 91 dx 

dln 92 90 dx 

dp 4 3 dx 


aond 99 0 poly(2) (3,0) .(4,0)..0..5 .5 
fb 7 99 poly(5) vb ve ve vlp vin 0 522.8E6 -500E6 500E6 500E6 -500E6 
ga 6 01112 21.68E-6 
gcm O°. 6 20.99. 172.28-12 
iss 3 10 de 705.0E-9 
hlim 90 O vlim 1K 
j1 Da: 2 220.4% 
1 


sjapowosioeyy Addu jeuoneisdg wo 


42 12 £0 5x 

r2 6 9 100.0E3 

rdl 4 11 46.13E3 

rd2 4 12 46.13E3 

rol oS ore 

ro2 7 99 75 

rp 3 4 689.7E3 

rss 10 99 283.7E6 

vb § OQ dc 9 

ve 3°53 de 1.600 

ve 54 4 dc 0.600 

waim: 97.8: de. 0 

Wow 8s... 0 de..25 

vin 0 92 de 25 
.model dx D(Is=800.0E-18) 


.model jx PJF(Is=350.0E-15 Beta=340E-6 Vto=0) 


Macromodels, simulation models, or other models Copyright © 1990, Texas Instruments Incorporated 
provided by Tl, directly or indirectly, are not j 
warranted by TI as fully representing all of the TEXAS 
3-94 specifications and operating characteristics of the | 
semiconductor product to which the model relates. NST RUMENTS 


POST OFFICE BOX 655303 » DALLAS, TEXAS 75265 


tbs ae y ar : . ? : * ae = : é ; oe oie ih. 
3 é = —s 
z 7 Be 


 TLC1079 on 
OPERATIONAL AMPLIFIER MACROMODEL 


Power Dissipation as Low as 10 pW Typ per 
Amplifier 


e Operates on a Single Silver-Oxide Watch 
Battery, Vpp = 1.4 V Min 


@ Vio .-- 850 uv Max in DIP and Small- 
Outline Package 


e Input Offset Voltage Drift ... 0.1 uV/moTyp, 
Including the First 30 Days 


e High-lmpedance LinCMOS™ Inputs ... 
lip = 0.6 pA Typ 


macromodel — applies to TLC1079 


.subckt TLC1079 123 4 5 
* 

cl 11 12 8.002E-12 

cer G7 fa, 008-22 


de 5 53 dx 

de 54 5 dx 3 
dlp 90 91 dx 

din 92 90 dx 

dp a3 -dx a) 
egnd 99 0 poly(2) (3,0) (4,0) 0 .5 .5 ) 
fb 7 99 poly(5) vb vc ve vip vin 0 975.8E6 -1E9 1E9 1E9 -1E9 3 
ga 6.0714 =12.- 10-3 78-6 f= 
gcm 0 610 99 146.5E-12 rs 
iss 3 10 dc 600.0E-9 al 
hlim 90 O vlim 1K . 
jl 11 210 3x S 
5 bee Mie bee see = 
r2 6 9 100.0E3 o 
rdl 411 96.4553 tom: 
rd2 412 96.4553 = 
rol § .-§ 85 = ‘ 
ro2. 7 99 85 gq 
xp 3 4 689.7E3 

rss 10 99 333.3E6 “G 
vb 9 0dcO = 
vo 3°53 de 1,650 = 
ve 56. -ge-- 37 re] 
vlim 7 8 dc 0 ® 
vip 91 0 de 20 2. 
vin 0 92 de 20 © 


.-model dx D(Is=800.0E-18) 


JANUARY 1990 


High Open-Loop Gain ... 850,000 Typ 
Output Drive Capability > 20 mA 
Slew Rate ... 47 V/ms Typ 


Common-Mode Input Voltage Range Extends 
Below the Negative Rail 


Output Voltage Range Includes Negative Rail 
ESD-Protection Circuitry 


14-Pin Small-Outline Package Option Also 
Available in Tape and Reel 


.model jx PJF(Is=350.0E-15 Beta=200E-6 Vto=0) 


.ends 


Macromodels, simulation models, or other models 


provided by Ti, directly or indirectly, are not i, 
warranted by Tl as fully representing all of the TEXAS 


specifications and operating characteristics of the 


semiconductor product to which the model relates. INSTRUM ENTS 


Copyright © 1990, Texas Instruments Incorporated 


POST OFFICE BOX 655303 » DALLAS. TEXAS 75265 


3-95 


7102201. 
OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


@ 1TLC2201B is 100% Tested for Noise: @ Low Input Bias Current ... 1 pA Typ 
25 nV/VHz Max at f = 10 Hz at Ta = 25°C 


12 nV/VHz Max at f = 1 kHz 
@ Low Input Offset Voltage ... 200 1. V Max 


® Fully Specified for Both Single-Supply and 
Split-Supply Operation 


@ Excellent Offset Voltage Stability with @ Common-Mode Input Voltage Range Includes 


Temperature ... 


0.5 nV/°C Typ the Negative Rail 


macromodel — applies to TLC2201, TLC2201A, TLC2201B 
.subckt TLC2201 12345 


* 


cl 11 12 4.054E-12 
c2 6 7 15.00E-12 
dc > So.-Ox 
de S46 =~ Ss 
dip 90 91 dx 
din 92 90 dx 
dp a0. 3) ax 
eonad $39..-0 poly(2)° (3,0). (4,0) -0°.5°.5 
3 fb 7 99 poly(5) vb ve ve vip vin 0 2.986E6 -3E6 3E6 3E6 -3E6 
ga 6 011 12. .179.1E-6 
gcm 0 610 99 318.5E-12 
© iss 3 10 de 40.50E-6 
TT hlim 90 0 vlim 1K 
© 31 ii 2°20 4x 
a j2. 12 110 5x 
oO r2 6 9 100.0E3 
= rdl 4 11 5.584E3 
oe rd2 4 12 5.58453 
> rol 3.5 188 
= ro2 7 99 187 
rp 3 4 9.091E3 
a rss 10 99 4.938E6 
aa vb 9 0dc 0 
© ve 353 dc .9 
ve 54 4dc.8 
= wiawm:. 7 8; de 0 
= wig --S1° 0 de 3 
pa vin 0-92. de-3 
= model dx D(Is=800.0E-18) 
ra} model jx PJF(Is=500.0E-15 Beta=600E-6 Vto=0) 
Q. ends 
@ 
7 
Macromodels, simulation modeis, or other models 7 Copyright © 1990, Texas Instruments Incorporated 
provided by Tl, directly or indirectly, are not f, 
warranted by TI! as fully representing all of the TEXAS wis 


3-96 specifications and operating characteristics of the 
semiconductor product to which the model relates. | IN STRU M E NTS 


POST OFFICE BOX 655303 » DALLAS, TEXAS 75265 


TLC2652 
OPERATIONAL AMPLIFIER MACROMODEL : 


JANUARY 1990 


e Extremely Low Offset Voltage ... 1 uV Max e CMRR and ksypr ... 120 dB Min 


e Extremely Low Change in Offset Voltage @ Single-Supply Operation 


WE TEMPO REUTE 5 5:17 © ¢ Common-Mode Input Voltage Range Includes 


e Low Input Offset Current ... 500 pA Max the Negative Rail 


gs 5 ao Pgs thea eo e No Noise Degradation with External 
e Ayp ---. 135 dB Min Capacitors Connected to Vpp-— 


macromodel — applies to TLC2652, TLC2652A 


saabokt. TLOZ652 2 12-3. 4°35 
* 

cl 11 12 4.354E-12 

CZ 6.7, 15, 008-12 

css 10 99 1.607E-12 


de 5 53 dx 
de 54 5 dx 
dlp 90 91 dx 
din 92 90 dx 
dp 4 3 dx 


3 


egnd 99 0 poly(2) (3,0) (4,0) 0 .5 .5 

fb 7 99 poly(5) vb vec ve vip vin 0 1.070E9 -1E9 1E9 1E9 -1E9 
ga 6 *@-1t 12 1 Fo ies 

gcm 0 610 99 17.91E-12 

iss 3 10 de 46.50E-6 


8 de 0 
O-de 3 
vin 0. $2 -de 3 
-model dx D(Is=800.0E-18) 
.model jx PJF(Is=2.000E-12 Beta=500E-6 Vto=0.05) 


hlim 90 O vlim 1K 
73 et oe ee Ae 
j2 42. SP SED Fe 
r2 6 9 100.0E3 
rdl 411 5.584E3 
rd2 412 5.584E3 
rol S28 265 
ro2 7 99 165 
rp 3 4 6.667E3 
rss 10 99 4.301E6 
vb oS “0 de 0 
ve 4-53.86. 9 
ve 54° (4° da. 

7 

1 


< 
bes 
ue] 
ie) 
Operational Amplifier Macromodels 


.ends 
Macromodelis, simulation models, or other models - Copyright © 1990, Texas Instruments Incorporated 
provided by Tl, directly or indirectly, are not fi 
warranted by Ti as fully representing all of the TEXAS 3-97 


specifications and operating characteristics of the 
semiconductor product to which the model relates. INSTRUMENTS 
POST OFFICE BOX 655303 » DALLAS, TEXAS 75265 


TLO2654 
OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


e Input Noise Voltage: e Ayp ... 135dB Min 


0.5 nV p-p Typ, f = Oto 1 Hz . 
TS UY pp Tyo4 = 010 10 He e CMRR ... 110 dB Min 
47 nV/VHz Typ, f = 10 Hz e ksyr .-. 120 dB Min 
13 nV/VHz Typ, f = 1 kHz 


@ High Chopping Frequency ... 10 kHz Typ 


@ Single-Supply Operation 


e Common-Mode Input Voitage Range Includes 
@ No Clock Noise Below 10 kHz the Negative Rail 


@ No intermodulation Error Below 5 kHz @ No Noise Degradation with External 


© Low Input Offset Voltage ... 10 »V Max Capacitors Connected to Vpp— 


@ Excellent Offset Voltage Stability with 
Temperature ... 0.3 uV/°C Max 
macromodel — applies to TLC2654, TLC2654A 
.subckt TLC2654 12345 


* 
ei 11 12 4.354E-12 


3 C2 6 7 15.00E-12 
css 10 99 12.75E-12 

dc 5 53x 

de 54.5 dx 

dlp 90 91 dx 

din 92 90 dx 

dp @> 3, dx 


egnd 99 0O poly(2) (3,0) (4,0) 0 .5 .5 

fb 7 99 poly(5) vb vc ve vip vin 0 1.903E9 -2E9 2E9 2E9 -2E9 
ga 6 011 12 179.1E-6 

gcm 0 610 99 100.7E-12 

iss 3 10 de 55.50E-6 

hlim 90 0O vlim 1K 

a1 ri > 2 10° 45x 

j 1 


sjapowosoely s9yduy jeuonesiedg 


j2 12 10 4x 
r2 6 9 100.0E3 
rdl 4 11 5.584E3 
rd2 412 5.584E3 
rol Se: 5.265 

ro2 7 99 165 

rp 3 4 6.667E3 
rss 10 99 3.604E6 
vb 9: Q@-de 0 

vce Ss ac: 9 
ve 54. @ de <8 
vlim 7 8dc0 
wip Of. YO -de. Ss 


vin QO. 92 dc 3 
-model dx D(Is=800.0E-18) 
.model jx PJF(Is=25.00E-12 Beta=400e-6 Vto=0) 
.ends 


Macromodels, simulation models, or other models 


provided by LS directly or indirectly, are not T j 
warranted by Ti as fully representing all of the 
3-98 specifications and operating characteristics of the EXAS 


semiconductor product to which the model relates. IN STRU M ENTS 


POST OFFICE BOX 655303 » DALLAS, TEXAS 75265 


Copyright © 1990, Texas Instruments Incorporated 


TLE2021 
OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


available features 
® Supply Current... 230 pA Max ® High Open-Loop Gain ... 6.5 V/uV 


(136 dB) Typ 
@ Low Offset Voitage ... 100 nV Max 
e Offset Voltage Drift with Time ... 


@ High Unity-Gain Bandwidth ... 2 MHz Typ 
® High Slew Rate ... 0.7 V/us Min 
® Supply Current Change Over Military Temp 


Range ... 10 uA Typ 0.005 1.V/mo Typ 
® Specified for Both 5-V Single-Supply and e Low Input Bias Current ... 50 nA Max 
+15 V Operation @ LowNoise Voltage ...°19 nV/VHz typ 
atf = 10 Hz 


e Phase-Reversal Protection 


macromodel — applies to TLE2021, TLE2021A, TLE2021B 
.subckt TLE2021 12345 


* 
ex 11 12 6.244E-12 
c2 6 7 13.4E-12 


de 5 53 dx 
de 54 5 dx 3 
dip 90 91 dx 
din 92 90 dx 
dp 4 3 dx 


egnd 99 0O poly(2) (3,0) (4,0) 0 .5 .5 
fb 7 99 poly(5) vb vc ve vlp vin 0 547.3E6 -500E6 500E6 500E6 -500E6 
ga 6°°O 1ici2>k88 .5E=-6 

gcm 0. 6 10.99 3$35.2E-12 

iee 3 10 de 15.67E-6 

hlim 90 O vlim 1K 

ql A oe 23 oe 

q2 12 1 14 qx 

r2 6 9 100.0E3 

rel 411 5.305E3 

rc2 412 5.305E3 

rel 13 10 1.467E3 

re2 1410 1.467E3 

ree 10 99 14.76E6 


Operational Amplifier Macromodels 


rol 8 5 62 

ro2 7 99 63 

rp 3 4 160.9E3 

vb 9. 0de 0 

ve 3.53 de 1.400 

ve 54 4dc 1.600 

vidim 7. §°de:0 

vip 91°. 0.de 3.200 

vin 0 92 de 3.200 
-model dx D(Is=800.0E-18) 
.model qx PNP (Is=800.0E-18 Bf=270) 


Macromodels, simulation models, or other models ‘ Copyright © 1990, Texas Instruments Incorporated 
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TLE2022 


OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


available features 


@ Supply Current ... 500 uA Max 


@ High Unity-Gain Bandwidth ... 2.8 MHz 
Typ 
e High Slew Rate ... 0.7 V/us Min 


@ Supply Current Change Over Military Temp 
Range ... 37 uA Typ 


e Specified for Both 5-V Single-Supply and 
+15 V Operation 


@ Phase-Reversal Protection 


High Open-Loop Gain ... 10 V/pV 
(140 dB) Typ 

Low Offset Voltage ... 150 nV Max 
Offset Voltage Drift with Time ... 
0.005 1. V/mo Typ 

Low Input Bias Current ... 50 nA Max 
Low Noise Voltage ... 19 nV/VHz typ 


atf = 10 Hz 


macromodel — applies to TLE2022, TLE2022A, TLE2022B 


SJBpOWOIDeY| A9IpIduiy jeuoneisdG 7 


.subckt TLE2022 
* 
cl 11 12 6.814E-12 
c2 6 7 20.00E-12 


Ah eo 


dc 5.83°:d= 
de 54... 5 dx 
dlp 90 91 dx 
din 92 90 dx 
dp 4 3 dx 


egnd 99 0 poly(2) (3,0) (4,0) 0 .5 .5 


fb 7 99 poly(5) vb vc ve vip vin 0 45.47E6 -50E6 50E6 50E6 -50E6 


ga 6 0 IL 12-377. SE-6 
gcm 0 6410 99 7.84E-10 
iee 3 10 dec 18.07E-6 
hlim 90 O vlim 1K 

ql a Si Seay ae aR 

q2 +2: 22 26:-ox 

r2 6 9 100.0E3 

rol 4 11 2.842E3 

rc2 412 2.842E3 

rel 13 10 -31.95 

re2 14 10 -31.95 

ree 10 99 11.07E6 


rol 8-5: 250 

ro2 7 99 250 

rp 3° °-4-137.-2E3 

vb 9-0: de.0 

ve 4-53-de 1.300 

ve 54 4 de 1.500 

vlim.7 8 dc0 

Vip. 91 -.0-dc 3 

vin 0 92 de 3 
.-model dx D(Is=800.0E-18) 
.model qx PNP (Is=800.0E-18 Bf=257.1) 
.ends 


3-100 
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available features 


1 mA Max 
@ High Unity-Gain Bandwidth ... 


@ Supply Current... 


e High Slew Rate ... 0.7 V/us Min 


e Supply Current Change Over Military Temp 
Range ... 50uA Typ 


@ Specified for Both 5-V/Gnd and +15 V 
Operation 


e Phase-Reversal Protection 


.subckt TLE2024 


* 


422: 3-4 5 


e1 11 12 6.814E-12 
c2 6 7 20.00E-12 


de 5 53 dx 
de 54 5 dx 
dlp 90 91 dx 
dln 92 90 dx 
dp 4 3 dx 


egnd 99 0 poly(2) (3,0) 


2.8 MHz Typ 


4,70} <0. 25° 58 


TLE2024 


OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


High Open-Loop Gain ... 7 V/V (137 dB) Typ 
Low Offset Voltage ... 500 nV Max 

Offset Voltage Drift with Time ... 

0.005 nV/mo Typ 

Low Input Bias Current ... 50 nA Max 

Low Noise Voltage ... 19 nV/VHz typ 


atf = 10 Hz 


macromodel — applies to TLE2024, TLE2024A, TLE2024B 


fb 7 99 poly(5) vb ve ve vip vin 0 22.73E6 -20E6 20E6 20E6 -20E6 


ga 6°°0 32 12-372. 98-6 
gcom 0-610 8S 1 .972E-9 
iee 3 10 de 18.10E-6 
hlim 90 O vlim 1K 

ql ps cae” eae Be 

q2 hae Re re 

r2 6 9 100.0E3 

Sel 411 2.842E3 

rc2 412 2.842E3 

rel. :13:10-~32:..90 

re2 14 10 -31.90 

ree 10°99 11.05E6 

rol age ROP 


ro2 vo) e410) 

rp So; & ES). 2k 
vb g—-0- -de-G 

vc 3: 63: -dae-1. 500 
ve 54 4 dc 1.500 
eee cee Aime: Se « oA 

Vip. 91-20: de 3 


vin 0 92 de 3 
.-model dx D(Is=800.0E-18) 
.model qx PNP (Is=800.0E-18 Bf=180) 
.ends 


Macromodels, simulation models, or other models 
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peg by Ti Pe a, —— all . a TEXAS 
specifications and operating characteristics of the 
semiconductor product to which the model relates. INST RUMENTS 


Copyright © 1990, Texas Instruments Incorporated 


Ww 


POST OFFICE BOX 655303 * DALLAS, TEXAS 75265 


3 


Operational Amplifier Macromodels 


3-101 


TLE2061 
OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


available features 


@ Excellent Output Drive Capability: e Wide Operating Supply Voltage Range ... 
Vo = £2.5VMinat RR, = 100 Q, Voc+ = +3.5Vto +20V 
Vec+ = t5V , A 
Vo = £12.5V Minat Ri = 6002, @ High Open-Loop Gain ... 280 V/mV Typ 
Voc+ = +15V e Low Offset Voltage ... 500 .V Max 
@ Low Supply Current ... 255 uA Typ e Low Offset Voltage Drift with Time ... 
0.04 nV/mo Typ 


@ High Unity-Gain Bandwidth ... 2.1 MHz Typ 


© High Slew Rate ... 3.4 V/us Typ e Low Input Bias Current ... 5pATyp 


macromodel — applies to TLE2061, TLE2061A, TLE2061B 
.subckt TLE2061 123 45 


* 
el 11:12. 1.4578-i2 
c2 6 -7.15.00E-12 
dc 5 53 dx 
de 54. 5.x 
dlp 90 91 dx 
din 92 90 dx 
dp 4 3 dx 


3 


oO egnd 99 0 poly(2) (3,0) (4,0) 0 .5 .5 
2 fb 7 99 poly(5) vb vc ve vip vin 0 4.357E6 -4E6 4E6 4E6 -4E6 
= ga 6 011 12 188.5E-6 
a gem 0 6 10 99 3.352E-9 
roy iss 3 10 de 51.00E-6 
= hlim 90 O vlim 1K 
o 51 It: 2°46 4x 
SS 0 ae ee eb 
> r2 6 9 100.0E3 
3 rdl 4 11 5.30553 
ice rd2 4 12 5.305E3 
=h rol 8 5 280 
@ ro2. 7 99 280 
rp 3 4 113.253 
= rss 10 99 3.922E6 
S vb 9 0 dc 0 
“= vc 3: 53: -de Z 
° ve 54 4dc2 
= vlim 7 8 dc 0 
a. wip $i: 0 de:.50 
@ vin 0 92 de 50 
no .model dx D(Is=800.0E-18) 


.model jx PJF(Is=2.000E-12 Beta=423E-6 Vto=-1) 


Macromodels, simulation models, or other models Copyright © 1990, Texas Instruments Incorporated 
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TLE2062 
OPERATIONAL AMPLIFIER MACROMODEL = 


JANUARY 1990 


available features 


e Excellent Output Drive Capability: e Wide Operating Supply Voltage Range ... 
Vo = +2.5V Min at Ri = 100 Q, Vec+ = +3.5Vto + 20V 
wOG eA 2 5 ¥ @ High Open-Loop Gai 280 VimV T 
Vo = £12.5V Minat Ri = 600, On SES ee tse daar J 
Voc+ = t15V e Low Offset Voltage ... 1mV Max 
e Low Supply Current ... 280 yA Typ e Low Offset Voltage Drift with Time ... 
per Amplifier 0.04 1 V/mo Typ 


e High Unity-Gain Bandwidth ... 2.1 MHz Typ e Low Input Bias Current ... 5pATyp 
e High Slew Rate ... 3.4 V/us Typ 


macromodel — applies to TLE2062, TLE2062A, TLE2062B 


.subckt TLE2062 123 45 
+ 

et 412° 1.45 /8-12 

c2 6 7-415.00E-i2 


dc § 53d 
de 54. 5 dx 3 
dlp 90 91 dx 
din 92 90 dx 
dp 4 3 dx 


egnd 99 0 poly(2) (3,0) (4,0) 0 .5 .5 
fb 7 99 poly(5) vb vc ve vip vin 0 4.357E6 -4E6 4E6 4E6 -4E6 
ga 6-0 11.12 188 .5E-6 
gcm 0. 6 10 99°23 .352E-S 
iss 3. 10-de° 52-00E=6 
hlim 90 0O vlim 1K 
j1 11 2 10 4x 
4 


Nn 

® 

C5 

- 

o 

po 

oO 

= 

Ras 10 4x ‘< 
r2 6 9 100.053 Oo 
rdl1 4 11 5.3053 — 
rd2 4 12 5.305E3 a. 
rol 8 5 280 = 
ro2 7 99 280 <6 
rp 3 4 113.253 Baa ee 
rss 10 99 3.922E6 = 
vb 9: 0 de 0 ro) 
ve 3.83 de 2 a 
ve 54 4 dc 2 oO 
vlim 7 8 dc 0 0) 
vip 91 0 de 50 o 
vin 0 92 de 50 O 

= | 


.model D (Is=800 .0E-18) 

-model jx PJF(Is=2.000E-12 Beta=423E-6 Vto=-1) 

.ends 
Macromodels, simulation models, or other models : Copyright © 1990, Texas Instruments Incorporated 
provided by Tl, directly or indirectly, are not i} 
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TLE2064 | 
OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


available features 


@ Excellent Output Drive Capability: ® Wide Operating Supply Voltage Range ... 
Vo = +2.5V Min at R, = 100 Q, Vec+ = +3.5Vto + 20V 
Vec+ = $5V 


Vo = £12.5 V Min at Ry = 600 Q, 


e@ High Open-Loop Gain ... 280 V/mV Typ 


Vec+ = t15V e Low Offset Voltage ... 1.5 mV Max 
e Low Supply Current ... 280 nA Typ @ Low Offset Voltage Drift with Time ... 
per Amplifier 0.04 n.V/mo Typ 


@ High Unity-Gain Bandwidth ... 2.1 MHz Typ @ Low Input Bias Current ... 5pA Typ 
® High Slew Rate ... 3.4 V/us Typ 


macromodel — applies to TLE2064, TLE2064A, TLE2064B 
.subckt TLE2064 12345 


* 


cl 11 12 1.457E-12 
ped 6 7 15.00E-12 
dc 5 53 dz 
3 de 54 5 dx 
dip 90 91 dx 
din 92 90 dx 
Oo dp 4 3 dx 
p= egnd 99 0 poly(2) (3,0) (4,0) 0 .5 .5 
=~ fb 7 99 poly(5) vb ve ve vip vin 0 4.357E6 -4E6 4E6 4E6 -4E6 
4 ga 6 0.11 12.286 258-6 
rot gem 0 610 99 3.352E-9 
os iss 3 10 de 51.00E-6 
e hlim 90 0 viim 1K 
> 31 ae cae 
= j2 12) 1: 10. 4x 
"3 r2 6 9 100.0E3 
= rdl 411 5.305E3 
oD rd2 412 5.305E3 
way rol a 8-280 
< ro2 7 99 280 
rm) rp Khai ie a et 
‘) rss 10 99 3.922E6 
Pas vb 9 0 dc 0 
3 vc 3° S3:.4de 2 
ro) ve 54. 4 de 2 
oo. vlim 7 8 dc 0 
© vip 91 0 de 50 
” vin 0 92 de 50 
-model dx D(Is=800.0E-18) 
-model jx PJF(Is=2.000E-12 Beta=423E-6 Vto=-1) 
.ends 
Macromodels, simulation models, or other models j Copyright © 1990, Texas Instruments Incorporated 
provided by Tl, directly or indirectly, are not i} 
warranted by Ti as fully representing all of the TEXAS Hi 


3-104 specifications and operating characteristics of the 


semiconductor product to which the model relates. IN STRU M ENTS 


POST OFFICE BOX 655303 » DALLAS, TEXAS 75265 


TLE2161 
OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


available features 


e Excellent Output Drive Capability: ® Wide Operating Supply Voltage Range ... 
Vo = +2.5 V Min at Ry = 100 Q, Vec+ = +3.5Vto + 20V 
‘ops = +57 e High Open-Loop Gai 280 VimV T 
Vo = £12.5V Min at Ry = 600Q, ie gt side ics a ged ssa 
Voe+ = t15V e Low Offset Voltage ... 500 1.V Max 
e@ Low Supply Current ... 255 yA Typ e Low Offset Voltage Drift with Time ... 
@ Decompensated for High Slew Rate and 6.03 uNmo:Fyp 
Gain-Bandwidth Product: e Low Input Bias Current ... 5 pA Typ 


Ayp = 5 Min 
Slew Rate = 10 V/us Typ 
Gain-Bandwidth Product = 6.5 MHz Typ 


macromodel — applies to TLE2161, TLE2161A, TLE2161B 
.subckt TLE2161 12345 


* 
el 11 12 125.4E-14 
c2 6 7 5.000E-12 


dc S 52 ax 
de Bee per 2 
dlp 90 91 dx 
din 92 90 dx 
dp 4 3 dx 


egnd 99 . 0 poly (2). (3,9). (4,0; 0..5...5 
fb 7 99 poly(5) vb vc ve vip vin 0 4.085E6 -4E6 4E6 4E6 -4E6 
ga 6 .0 11 22-201 ..1E-6 
gcom 0 610 99 3.576E-9 
iss 3 10 de 45.00E-6 
hlim 90 0O vlim 1K 
ni’ Sh oe a ie 
1 


Operational Amplifier Macromodels cy 


j2 £2 10 4x 
r2 6 9 100.0E3 
rdl 411 4.973E3 
rd2 412 4.973E3 
rol §:- § 280 

ro2 7 99 280 

rp a. @ StS. 283 
rss 10 99 4.444E6 
vb 9 0Odc 0 

ve 3s Os Oe 2 

ve 54 4 de 2 
Wim 7.8 de~0 
vip. - 921° .-0..de..50 
vin 0-92 de ':S0 
model dx D(Is=800.0E-18) 


.model jx PJUF(Is=1.000E-12 Beta=480E-6 Vto=-1) 


Macromodels, simulation models, or other models ; Copyright © 1990, Texas Instruments Incorporated 
provided by Ti, directly or indirectly, are not A, 
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uA741C | Zee 
OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


® Short-Circuit Protection @ Low Power Consumption 

e@ Offset-Voltage Null Capability @ No Latch-Up 

e Large Common-Mode and Differential e Designed to be Interchangeable with Fairchild 
Voltage Ranges wA741M, pA741C 


-@ No Frequency Compensation Required 


macromodel — applies to uA741 


.subckt UA741 bis 45 
* 

ot 11 12 4.664E-12 

c2 6 7 20.00E-12 


de 5 53 dx 
de 54 5 dx 
dlp 90 91 dx 
dln 92 90 dx 
dp 4 3 dx 


egnd 99 0O poly(2) (3,0) (4,0) 0 .5 .5 
poly(5) vb vc ve vip vin 0 10.61E6 -10E6 10E6 10E6 -10E6 


W 
o 


9 
ga G--Lt 512-237. 723-6 
gcom 0 610 99 2.574E-9 
iee 10 4 de 10.16E-6 
hlim 90 0O vlim 1K 
ql Li 2 23x 
q2 c laa Game 


r2 6 9 100.0E3 
eet 3 Ti: -7-83S783 
re2 312° 7. SS TES 
rel 13 10 2.740E3 
re2 14 10 2.740E3 
ree 10 99 19.69E6 
rol &— 5 150 


ro2 7 98-350 

rp 3-4 18-2123 
vb 9 0 dc 0 

ve 3 53 de 2.600 
ve 54 4 dc 2.600 
vlim 7 8dc0 

wip. 91; --0 de 25 


vin 6. 92 de 25 
.model dx D(Is=800.0E-18) 
.model qx NPN(Is=800.0E-18 Bf=62.50) 
.ends 
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uA747C 
OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


@ No Frequency Compensation Required e Wide Common-Mode and Differential Voltage 
Ranges 


@ No Latch-Up 


e Designed to be Interchangeable with Fairchild 
uA747M, nA747C 


@ Low Power Consumption 
® Short-Circuit Protection 
@ Offset-Voltage Null Capability 


macromodel — applies to uA747 


.subckt UA747 ae a te ae 
* 

cl 11 12 4.664E-12 

c2 6 “¥-29. 008-12 


de 5 53 dx 
de 54 5 dx 
dlp 90 91 dx 
din 92 90 dx 
dp 4 3 dx 
egnd 99 0 poly(2) (3,0) (4,0) 0.5.5 
fb 7 99 poly(5) vb vc ve vip vin 0 10.61E6 -10E6 10E6 10E6 -10E6 
gas 6. 0 it 12 137. 78-6 3 
gem 0 610 99 2.574E-9 
iee 10 4 de 10.16E-6 ” 
hlim 90 0 vlim 1K 7. 
qi 11 2 13 qx O 
q2 12 114 qx iS) 
r2. 6-—« 9: 100.0E3 = 
rel 3 11 7.957E3 a 
rc2 3 12 7.9S7E3 O 
rel 13 10 2.740E3 o. 
re2 1410 2.740E3 = 
ree 10 99 19.69E6 rT 
rol SS 56 — 
ro2. 7 99 150 = 
rp 3 4 18.1153 ie 
vb 9 O0dcO E 
ve 3 53 de 2.600 <¢ 
ve 54 4 de 2.600 = 
viam.* ‘7. 8 de. 0 c 
vip $1 0 dce-25 oO 
vin 0 92 de 25 os 
_model dx D(Is=800.0E-18) - 
_model qx NPN(Is=800.0E-18 Bf=62.50) 4 
.ends © 


Macromodels, simulation models, or other models ; Copyright © 1990, Texas Instruments Incorporated 
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uA748C 
OPERATIONAL AMPLIFIER MACROMODEL 


JANUARY 1990 


@ Frequency and Transient Response e Low Power Consumption 
Characteristics Adjustable © No Latch-Up 
+. -ShoreCircult Protection e Same Pin Assignments as uA709 
e Offset-Voltage Null Capability 
e Wide Common-Mode and Differential 
Voltage Ranges 


macromodel — applies to uA748 


.subckt UA748 223 £567 
* 

ob -11 42 .7.977E-12 

de 5 53 dx 

de 54 5 dx 

dlp 90 91 dx 

dln 92 90 dx 

dp 4 3 dx 


egnd 99 0O poly(2) (3,0) (4,0) 0 .5 .5 


3 £b 7 99 poly(5) vb vc ve vip vin 0 42.44E6 -40E6 40E6 40E6 -40E6 
ga 6.0 - it 12-186: 58-6 
gem 0 610 99 3.352E-9 

‘o) iee 10 4 dc 15.14E-6 

ss | hlim 90 0O vlim 1K 

@ ql pS EE eee Es 

2 q2 12 114 qx 

ct, r2 6 9 100.0E3 

= rel 3 11 5.305E3 

re2.- 3: 12: 5.3053 

a rel 13 10 1.83953 

> re2 14 10 1.8393 

“4 ree 10 99 13.21E6 

Tt €61. 8 5-50 

oh ro2 7 99 25 

© rp 3 4 16.81E3 
vb 9 0 dc 0 

<= ve 3 53 de 2.600 

0) ve 54 4 dc 2.600 

© vlim 7 8 de 0 

S vip 91 0 dc 25 

= vin 0 92 de 25 

sf -model dx D(Is=800.0E-18) 

Oo .model qx NPN(Is=800.0E-18 Bf=107.1) 

Te .ends 


Macromodels, simulation models, or other models 
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Macromodel Data Floppy Disk 


MACROMODEL DATA FLOPPY DISK 


general information 


The files on the accompanying disk can be used to simulate any of the conventional operational amplifiers in 
Tl’s broad product line. Since each of these models simulates the total op amp and not just the individual 
circuit components that make up an op amp, the simulation time and the size of the computer required to 
perform the simulation are both dramatically reduced. In fact, these models can be used on systems as small 
as a PC running PSpice®, which allows the design engineer to take advantage of the more readily available 
simulation systems and save simulation time without sacrificing accuracy. To gain these advantages, the 
macromodel does not model all data sheet parameters. This limitation is certainly offset by the performance 
and accuracy of the many device characteristics that can be simulated. Refer to the technical discussion in 
Section 2 for more detailed information about macromodels and their advantages and limitations. 


copying this disk 
Please feel free to distribute copies of this disk to your colleagues and associates. 


data manual orders and updates 


To receive updates to this manual as they are developed or to order another data manual for a colleague or 
associate, please fill in and mail the accompanying business reply card. 


minimum system requirements 


IBM PC, XT, AT, or compatible 

DOS 

Appropriate Spice simulator (e.g., PSpice®) 
360K-byte floppy disk drive 


getting started 
To use the models on the accompanying disk, you need to know the following: 


e The macromodels use the nodal assignments shown in Figure 2-4. Only models for devices with external 


compensation use nodes 6 and 7. 
e All devices are modeled as one op amp. To model a dual op amp (such as the TLE2062), use two 
macromodels in your simulation. To model a quad op amp (such as the TLE2064), use four macromodels. 


to view available files 


@ Insert diskette in drive A. 
e After the A> prompt, enter: DIR 
@ Select desired file and enter: TYPE filename.MOD 


to use files 


The files contained on the accompanying macromodel data floppy disk are ASCII files. Follow the instructions 
that came with your simulator to access and use these models. 
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PUERTO RICO: Hato Rey (809) 753-8700. 
TENNESSEE: Johnson City (615) 461-2192. 


TEXAS: Austin (512) 250-7655; 
Houston (713) 778-6592; 
Richardson (214) 680-5082; 
San Antonio (512) 496-1779. 


UTAH: Murray (801) 266-8972. 
WASHINGTON: Redmond (206) 881-3080. 
WISCONSIN: Brookfield (414) 782-2899. 


CANADA: Nepean, Ontario (613) 726-1970; 
Richmond Hill, Ontarlo (416) 884-9181; 
St. Laurent, Quebec (514) 336-1860. 


TI Regional 
Technology Centers 


CALIFORNIA: Irvine (714) 660-8105; 
Santa Clara (408) 748-2220; 


GEORGIA: Norcross (404) 662-7945. 
ILLINOIS Arlington Heights (312) 640-2909. 
MASSACHUSETTS: Waltham (617) 895-9196. 
TEXAS: Richardson (214) 680-5066. 
CANADA: Nepean, Ontario (613) 726-1970. 


Ti AUTHORIZED DISTRIBUTORS 
Arrow/Kierulff Electronics Group 
Arrow (Canada) 

Future Electronics (Canada) 
GRS Electronics Co., Inc. 
Hall-Mark Electronics 

Marshall Industries 

Newark Electronics 

Schweber Electronics 

Time Electronics 

Wyle Laboratories 

Zeus Components 


— OBSOLETE PRODUCT ONLY — 
Rochester Electronics, Inc. 
Newburyport, Massachusetts 
(508) 462-9332 


ALABAMA: Arrow/Kierulff (205) 837-6955; 
Hall-Mark (205) 837-8700; Marshall (205) 881-9235; 
Schweber (205) 895-0480. 


ARIZONA: Arrow/Kierulff (602) 437-0750; 
Hall-Mark (602) 437-1200; Marshall (602) 496-0290; 
Schweber (602) 431-0030; Wyle (602) 866-2888. 


CALIFORNIA: Los Angeles/Orange County: 
Arrow/Kierulff (818) 701-7500, (714) 838-5422; 
Hall-Mark (818) 773-4500, (714) 669-4100; 

Marshall (818) 407-0101, (818) 459-5500, 

(714) 458-5395; Schweber (818) 880-9686; 

(714) 863-0200, (213) 320-8090; Wyle (818) 880-9000, 
714) 863-9953; Zeus (714) 921-9000; (818) 889-3838; 
acramento: Hall-Mark (916) 624-9781; 

Marshall (916) 635-9700; Schweber (916) 364-0222; 

Wyle (916) 638-5282; 

San Diego: Arrow/Kierulff (619) 565-4800; 

Hall-Mark (619) 268-1201; Marshall (619) 578- 9600; 

Schweber (619) 450-0454; Wyle (619) 565-9171; 


San Francisco Bay Area: ‘Arrow/Kierulft (408) 745-6600, 


Hall-Mark (408) 432-0900; Marshall (408) 942-4600; 
Schweber (408) 432-7171; Wyle (408) 727-2500; 
Zeus (408) 998-5121. 


COLORADO: Arrow/Kierulff (303) 790-4444; 
Hall-Mark (303) 790-1662; Marshall (303) 451-8383; 
Schweber (303) 799-0258; Wyle (303) 457-9953. 


CONNETICUT: Arrow/Kierulff (203) 265-7741; 
Hall-Mark (203) 271-2844; Marshall (203) 265-3822; 
Schweber (203) 264-4700. 


FLORIDA: Ft. Lauderdale: 


Arrow/Kierulff (305) 429-8200; Hall-Mark (305) 971-9280; 


Marshall (305) 977-4880; Schweber (305) 977-7511; 
Orlando: Arrow/ Kierulff (407) 323-0252; 

Hall-Mark (407) 830-5855; Marshall (407) 767-8585; 
Schweber (407) 331- 7555; Zeus (407) 365-3000; 
Tampa: Hall-Mark (813) 530-4543; 

Marshall (813) 576-1399; Schweber (813) 541-5100. 


GEORGIA: Arrow/Kierulff (404) 449-8252; 
Hall-Mark (404) 447-8000; Marshall (404) 923-5750; 
Schweber (404) 449-9170. 


ILLINOIS: Arrow/Kierulff (312) 250-0500; 
Hall-Mark (312) 860-3800; Marshall (312) 490-0155; 
Newark (312) 784-5100; Schweber (312) 364-3750. 


INDIANA: Indianapolis: Arrow/Kierulff (317) 243-9353; 
Hall-Mark (317) 872-8875; Marshall (317) 297-0483; 
Schweber (317) 843-1050. 


IOWA: Arrow/Kierulff (319) 395-7230; 
Schweber (319) 373-1417. 


KANSAS: Kansas City: Arrow/Kierulff (913) 541-9542; 


Hall-Mark (913) 888-4747; Marshall (913) 492-3121; 
Schweber (913) 492-2922. 
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MARYLAND: Arrow/Kierulff (301) 995-6002; 
Hall-Mark (301) 988-9800; Marshall (301) 235-9464; 
Schweber (301) 840-5900; Zeus (301) 997-1118. 


MASSACHUSETTS Arrow/Kierulff (508) 658-0900; 
Hall-Mark (508) 667-0902; Marshall (508) 658-0810; 
Schweber (617) 275-5100; Time (617) 532-6200; 
Wyle (617) 273-7300; Zeus (617) 863-8800. 


MICHIGAN: Detroit: Arrow/Kierulff (313) 462-2290; 
Hall-Mark (313) 462-1205; Marshall (313) 525-5850; 
Newark (313) 967-0600; Schweber (313) 525-8100; 
Grand Rapids: Arrow/Kierulff (616) 243-0912. 


MINNESOTA: Arrow/Kierulff (612) 830-1800; 
Hall-Mark (612) 941-2600; Marshall (612) 559-2211; 
Schweber (612) 941-5280. 


MISSOURI: St. Louls: Arrow/Kierulff (314) 567-6888; 
Hail-Mark (314) 291-5350; Marshail (314) 291-4650; 
Schweber (314) 739-0526. 


NEW HAMPSHIRE: Arrow/Kierulff (603) 668-6968; 
Schweber (603) 625-2250. 


NEW JERSEY: Arrow/Kierultf (201) 538-0900, 
(609) 596-8000; GRS Electronics (609) 964-8560; 
Hall-Mark (201) 575-4415, (201) 882-9773, 

(609) 235-1900; Marshall (201) 882-0320, 

(609) 234-9190; Schweber (201) 227-7880. 


NEW MEXICO: Arrow/Kierulff (505) 243-4566. 


NEW YORK: Long Island: 

Arrow/Kierulff (516) 231-1009; Hall-Mark (516) 737-0600; 
Marshall (516) 273-2424; Schweber (516) 334-7474; 
Zeus (914) 937-7400; 

Rochester: Arrow/Kierulff (716) 427-0300; 

Hall-Mark (716) 425-3300; Marshall (716) 235-7620; 
Schweber (716) 424-2222; 

Syracuse: Marshall (607) 798-1611. 


NORTH CAROLINA: Arrow/Kierulff (919) 876-3132, 
(919) 725-8711; Hall-Mark (919) 872-0712; 
Marshall (919) 878-9882; Schweber (919) 876-0000. 


OHIO: Cleveland: Arrow/Kierulff (216) 248-3990; 
Hall-Mark (216) 349-4632; Marshall (216) 248-1788; 
Schweber (216) 464-2970; 

Columbus: Hall-Mark (614) 888-3313; 

Dayton: Arrow/Kierulff (513) 435-5563; 

Marshall (513) 898-4480; Schweber (513) 439-1800. 


OKLAHOMA: Arrow/Kierulff (918) 252-7537; 
Schweber (918) 622-8003. 


OREGON: Arrow/Kierulff (503) 645-6456; 
Marshall (503) 644-5050; Wyle (503) 640-6000. 


PENNSYLVANIA: Arrow/Kierulff (412) 856-7000, 
(215) 928-1800; GRS Electronics (215) 922-7037; 
Marshall (412) 963-0441; Schweber (215) 441-0600, 
(412) 963-6804. 


TEXAS: Austin: Arrow/Kierulff (512) 835-4180; 
Hall-Mark (512) 258-8848; Marshall (512) 837-1991; 
Schweber (512) 339-0088; Wyle (512) 834-9957; 
Dallas: Arrow/Kierulff (214) 380-6464; 

Hall-Mark (214) 553-4300; Marshall (214) 233-5200; 
Schweber (214) 661-5010; Wyle (214) 235-9953; 
Zeus (214) 783-7010; 

E! Paso: Marshall (915) 593-0706; 

Houston: Arrow/Kierulff (713) 530-4700; 

Hall-Mark (713) 781-6100; Marshall (713) 895-9200; 
Schweber (713) 784-3600; Wyle (713) 879-9953. 


UTAH: Arrow/Kierulff (801) 973-6913; 
Hall-Mark (801) 972-1008; Marshall (801) 485-1551; 
Wyle (801) 974-9953. 


WASHINGTON: Arrow/Kierulff (206) 575-4420; 
Marshall (206) 486-5747; Wyle (206) 881-1150. 


WISCONSIN: Arrow/Kierulff (414) 792-0150; 
Hall-Mark (414) 797-7844; Marshall (414) 797- 8400; 
Schweber (414) 784-9020. 


CANADA: Calgary: Future (403) 235-5325; 
Edmonton: Future (403) 438-2858; 
Montreal: Arrow Canada (514) 735-5511; 
Future (514) 694-7710; 

Ottawa: Arrow Canada (613) 226-6903; 
Future (613) 820-8313; 

Quebec City: Arrow Canada (418) 871-7500; 
Toronto: Arrow Canada (416) 672-7769; 
Future (416) 638-4771; Marshall (416) 674-2161; 
Vancouver: Arrow Canada (604) 291-2986; 
Future (604) 294-1166. 


Customer 
Response Center 


TOLL FREE: (800) 232-3200 


OUTSIDE USA: (214) 995-6611 
(8:00 a.m. — 5:00 p.m. CST) 


TI Worldwide 
Sales Offices 


ALABAMA: Huntsville: 500 Wynn Drive, Suite 514, 
Huntsville, AL 35805, (205) 837-7530. 


ARIZONA: Phoenix: 8825 N. 23rd Ave., Phoenix, 
AZ 85021, (602) 995-1007;TUCSON: 818 W. Miracle 
Mile, Suite 43, Tucson, AZ 85705, (602) 292-2640. 


CALIFORNIA: irvine: 17891 Cartwright Dr., Irvine, CA 
92714, (714) 660-1200; Roseville: 1 Sierra Gate 
Plaza, Roseville, CA 95678, (916) 786-9208; 

San Diego: 4333 View Ridge Ave., Suite 100, 

San Diego, CA 92123, (619) 278-9601; 

Santa Ciara: 5353 Betsy Ross Dr., Santa Clara, CA 
95054, (408) 980-9000; Torrance: 690 Knox St., 
Torrance, CA 90502, (213) 217-7010; 

Woodiand Hilis: 21220 Erwin St., Woodland Hills, 

CA 91367, (818) 704-7759. 


COLORADO: Aurora: 1400 S. Potomac Ave., 
‘Suite 101, Aurora, CO 80012, (303) 368-8000. 


CONNECTICUT: Wallingford: 9 Barnes Industrial Park 
Rd., Barnes Industrial Park, Wallingford, 
CT 06492, (203) 269-0074. 


FLORIDA: Altamonte Springs: 370 S. North Lake Bivd, 
Altamonte Springs, FL 32701, (305) 260-2116; 

Ft. Lauderdale: 2950 N.W. 62nd St., 

Ft. Lauderdale, FL 33309, (305) 973-8502; 

Tampa: 4803 George Rd., Suite 390, 

. Tampa, FL 33634, (813) 885-7411. 


GEORGIA: Norcross: 5515 Spalding Drive, Norcross, 
GA 30092, (404) 662-7900 


ILLINOIS: Arlington Heights: 515 W. Algonquin, 
Arlington Heights, IL 60005, (312) 640-2925. 


INDIANA: Ft. Wayne: 2020 Inwood Dr., 
Ft. Wayne, IN 46815, (219) 424-5174; 


Carmel: 550 Congressional Dr., Carmel, IN 46032, 
(317) 573-6400. 


fOWA: Cedar Rapids: 373 Collins Rd. NE, Suite 201, 
Cedar Rapids, |A 52402, (319) 395-9550. 


KANSAS: Overland Park: 7300 College Bivd., Lighton 
Plaza, Overland Park, KS 66210, (913) 451-4511. 


MARYLAND: Coiumbia: 8815 Centre Park Dr., 
Columbia MD 21045, (301) 964-2003. 


MASSACHUSETTS: Waitham: 950 Winter Sv., 
Waltham, MA 02154, (617) 895-9100. 


MICHIGAN: Farmington Hills: 33737 W. 12 Mile Rd., 
Farmington Hillis, MI 48018, (313) 553-1569. 

Grand Rapids: 3075 Orchard Vista Dr. S.E., 

Grand Rapids, Mi 49506, (616) 957-4200. 


MINNESOTA: Eden Prairie: 11000 W. 78th St., 
Eden Prairie, MN 55344 (612) 828-9300. 


MISSOURI: St. Louis: 11816 Borman Drive, 
St. Louis, MO 63146, (314) 569-7600. 


NEW JERSEY: Iselin: 485E U.S. Route 1 South, 
Parkway Towers, Iselin, NJ 08830 (201) 750-1050. 


NEW MEXICO: Albuquerque: 2820-D Broadbent Pkwy 
NE, Albuquerque, NM 87107, (505) 345-2555. 


NEW YORK: East Syracuse: 6365 Collamer Dr., 
East Syracuse, NY 13057, (315) 463-9291; 
Melville: 1895 Walt Whitman Rd., P.O. Box 2936, 
Melville, NY 11747, (516) 454-6600; 

Pittsford: 2851 Clover St., Pittsford, NY 14534, 
(716) 385-6770; 

Poughkeepsie: 385 South Rd., Poughkeepsie, 

NY 12601, (914) 473-2900. 


NORTH CAROLINA: Charlotte: 8 Woodlawn Green, 
Woodlawn Rd., Charlotte, NC 28210, (704) 


527-0933; Raleigh: 2809 Highwoods Bivd., Suite 100, 


Raleigh, NC 27625, (919) 876-2725. 


OHIO: Beachwood: 23775 Commerce Park Rd., 
Beachwood, OH 44122, (216) 464-6100; 
Beavercreek: 4200 Colone! Glenn Hwy., 
Beavercreek, OH 45431, (513) 427-6200. 


OREGON: Beaverton: 6700 SW 105th St., Suite 110, 


Beaverton, OR 97005, (503) 643-6758. 


PENNSYLVANIA: Blue Bell: 670 Sentry Pkwy, 
Biue Bell, PA 19422, (215) 825-9500. 


PUERTO RICO: Hato Rey: Mercantil Plaza Bidg., - 
Suite 505, Hato Rey, PR 00918, (809) 753-8700. 


TENNESSEE: Johnson City: Erwin Hwy, 
P.O. Drawer 1255, Johnson City, TN 37605 
(615) 461-2192. 


TEXAS: Austin: 12501 Research Bivd., Austin, TX 
78759, (512) 250-7655; Richardson: 1001 E. 
Campbell Rd., Richardson, TX 75081, 

(214) 680-5082; Houston: 9100 Southwest Frwy., 
Suite 250, Houston, TX 77074, (713) 778-6592; 
San Antonio: 1000 Central Parkway South, 

San Antonio, TX 78232, (512) 496-1779. 


UTAH: Murray: 5201 South Green St., Suite 200, 
Murray, UT 84123, (801) 266-8972. 


WASHINGTON: Redmond: 5010 148th NE, Bidg B, 
Suite 107, Redmond, WA 98052, (206) 881 3080. 


WISCONSIN: Brookfield: 450 N. Sunny Slope, Suite 
150, Brookfield, Wi 53005, (414) 782-2899. 


CANADA: Nepean: 301 Moodie Drive, Mallorn Center, 


Nepean, Ontario, Canada, K2H9C4, 

(613) 726-1970. Richmond Hill: 280 Centre St. E., 
Richmond Hill L4C1B1, Ontario, Canada 

(416) 884-9181; St. Laurent: Ville St. Laurent 
Quebec, 9460 Trans Canada Hwy., St. Laurent, 
Quebec, Canada H4S1R7, (514) 336-1860. 


ARGENTINA: Texas Instruments Argentina Viamonte 


1119, 1053 Capital Federal, Buenos Aires, Argentina, 


541/748-3629 


AUSTRALIA (& NEW ZEALAND): Texas Instruments 
Australia Ltd.: 6-10 Talavera Rd., North Ryde 
(Sydney), New South Wales, Australia 2113, 

2 + 887-1122; 5th Floor, 418 St. Kilda Road, 
Melbourne, Victoria, Australia 3004, 3 + 267-4677; 
171 Philip Highway, Elizabeth, South Australia 5112, 
8 + 255-2066. 


AUSTRIA: Texas Instruments Ges.m.b.H.: 
Industriestrabe B/16, A-2345 Brunn/Gebirge, 
2236-846210. 


BELGIUM: Texas Instruments N.V. Belgium S.A.: 11 


Avenue Jules Bondetiaan 11, 1140 Brussels, Belgium, 


(02) 242-3080. 


BRAZIL: Texas Instruments Electronicos do Brasil 
Ltda.: Rua Paes Leme, 524-7 Andar Pinheiros, 05424 
Sao Paulo, Brazil, 0815-6166. 


DENMARK: Texas instruments a Mairelundvej 46E, 
400. 


2730 Herlev, Denmark, 2 - 91 7 


FINLAND: Texas Instruments Finland OY: 
Ahertajantie 3, P.O. Box 81, ESPOO, Finland, (90) 
0-461-422. 


FRANCE: Texas Instruments France: Paris Office, BP 
67 8-10 Avenue Morane-Saulnier, 78141 Velizy- 
Villacoublay cedex (1) 30 70 1003. 


GERMANY (Fed. Republic of Germany): Texas 
Instruments Deutschland GmbH: Haggertystrasse 1, 
8050 Freising, 8161 + 80-4591; Kurfuerstendamm 
195/196, 1000 Berlin 15, 30 + 882-7365; Ill, Hagen 
43/Kibbelstrasse, .19, 4300 Essen, 201-24250; 
Kirchhorsterstrasse 2, 3000 Hannover 51, 

511 +648021; Maybachstrabe 11, 7302 Ostfildern 
2-Nelingen, 711 + 34030. 
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HONG KONG: Texas Instruments Hong Kong Ltd., 8th 
Floor, World Shipping Ctr., 7 Canton Rd., Kowloon, 
Hong Kong, (852) 3- 7351223. 


IRELAND: Texas Instruments (ireland) Limited: 
7/8 Harcourt Street, Stillorgan, County Dublin, Eire, 
1 781677. 


ITALY: Texas Instruments Italia S.p.A. Divisione 
Semiconduttori: Viale Europa, 40, 20093 Cologne 
Monzese (Milano), (02) 253001; Via Castello della 
Magliana, 38, 00148 Roma, (06) 5222651; 

Via Amendola, 17, 40100 Bologna, (051) 554004. 


JAPAN: Tokyo Marketing/Sales (Headquarters): 
Texas Instruments Japan Ltd., MS Shibaura Bidg.. 9F, 
4-13-23 Shibaura, Minato-ku, Tokyo 108, Japan, 
03-769-8700. Texas Instruments Japan Ltd.: Nissho- 
Iwai Bldg. 5F, 30 Imabashi 3-chome, Higashi-ku, 
Osaka 541, Japan, 06-294-1881; Daini Toyota West 
Bidg. 7F, 10-27 Meieki 4-chome, Nakamura-ku, 
Nagoya 450, 052-583-8691; Daiichi Seimei Bidg. 6F, 
3-10 Oyama-cho, Kanazawa 920, Ishikawa-ken, 
0762-23-5471; Daiichi Olympic Tachikawa Bidg. 6F, 
1-25-12 Akebono-cho, Tachikawa 190, Tokyo, 
0425-27-6426; Matsumoto Showa Bidg. 6F, 2-11 
Fukashi 1-chome, Matsumoto 390, Nagano-ken, 
0263-33-1060; Yokohama Nishiguchi KN Bldg. 6F, 
2-8-4 Kita-Saiwai-cho, Nishi-ku, Yokohama 220, 
045-322-6741; Nihon Seimei Kyoto Yasaka Bidg. 5F, 
843-2 Higashi Shiokohjidori, Nishinotoh-in Higashi-iru, 
Shiokouji, Shimogyo-ku, Kyoto 600, 075-341-7713; 
2597-1, Aza Harudai, Oaza Yasaka, Kitsuki 873, Oita- 
ken, 09786-3-3211; Miho Plant, 2350 Kihara Miho- 
mura, Inashiki-gun 300-04, Ibaragi-ken, 
0298-85-2541. 


KOREA: Texas Instruments Korea Ltd., 28th Fl., Trade 
Tower, #159, Samsung-Dong, Kangnam-ku, Seoul, 
Korea 2+ 551-2810. 


MEXICO: Texas Instruments de Mexico S.A.: Alfonso 
Reyes— 115, Col. Hipodromo Condesa, Mexico, D.F., 
Mexico 06120, 525/525-3860. 


MIDDLE EAST: Texas Instruments: No. 13, 1st Floor 
Mannai Bidg., Diplomatic Area, P.O. Box 26335, 
Manama Bahrain, Arabian Gulf, 973 + 274681. 


NETHERLANDS: Texas Instruments Holland B.V., 
19 Hogehilweg, 1100 AZ Amsterdam — Zuidoost, 
Holland 20 + 5602911. 


NORWAY: Texas Instruments Norway A/S: PB106, 
Refstad 0585, Osio 5, Norway, (2) 155090. 


PEOPLES REPUBLIC OF CHINA: Texas Instruments 
China tnc., Beijing Representative Office, 7-05 Citic 
Bidg., 19 Jianguomenwai Daijje, Beijing, China, (861) 
5002255, Ext. 3750. 


PHILIPPINES: Texas Instruments Asia Ltd.: 14th Floor, 
Ba- Lepanto Bldg., Paseo de Roxas, Makati, Metro 
Manila, Philippines, 817-60-31. 


PORTUGAL: Texas Instruments Equipamento 
Electronico (Portugal), Lda.: Rua Eng. Frederico Ulrich, 
2650 Moreira Da Maia, 4470 Maia, Portugal, 
2-948-1003. 


SINGAPORE (+ INDIA, INDONESIA, MALAYSIA, 
THAILAND): Texas instruments Singapore (PTE) Ltd., 
Asia Pacific Division, 101 Thompson Rd. #23-01 
United Square, Singapore 1130, 350-8100. 


SPAIN: Texas Instruments Espana, S.A.: C/Jose 
Lazaro Galdiano No. 6, Madrid 28036, 1/458.14.58. 


SWEDEN: Texas Instruments International Trade 
Corporation (Sverigefilialen}: S-164-93, Stockholm, 
Sweden, 8 - 752-5800. 


SWITZERLAND: Texas Instruments, Inc., Reidstrasse 
6, CH-8953 Dietikon (Zuerich) Switzerland, 
1-740 2220. 


TAIWAN: Texas Instruments Supply Co., 9th Floor 
Bank Tower, 205 Tun Hwa N. Rd., Taipei, Taiwan, 
Republic of China, 2 + 713-9311. 


UNITED KINGDOM: Texas Instruments Limited: 
Manton Lane, Bedford, MK41 7PA, England, 0234 
270111. 
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INSTRUMENTS Expires December 1, 1990 


Loo1 |_| Yes, I would like to receive future updates of TI’s Operational Amplifier Macromodels Data Manual. 
Loo2 |_| Please send me a free copy of TI’s Operational Amplifier Macromodels Data Manual. 
L003 |_| Please send me TI’s 3-volume set of Linear circuits data books. 


SLO17 

1. Which, if any, of the following is it important for your operational amplifier model to emulate? 
A. (_) Crossover Distortion D. {| Supply Current G. _}) Non-Linear Inductive Output Impedance 
B. |_| Noise E. (_] Input Overdrive H. {| Input Protection 
C. L) Balance Adjust F. (| 4 Poles 2 Zeros I. {_] Other, specify 


2. Would behavorial modeling provide an advantage to your analog simulation needs? 
A. | Change Completely C. |_|] Moderate Advantage E. | No Advantage 
B. | Significant Advantage D. (| Slight Advantage 


3. Do you believe that it will be necessary for you to obtain mixed analog/digital simulation in the next ? 
A. } 6 months C. (_) 2 years or longer D. L] No Need 
B. LJ 1 year 
COMMENTS 
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